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PREFACE  TO  REVISED  EDITION. 


Twelve  years  have  elapsed  since  the  Ame> 

,    rican  edition  of  "Familiar  Science"  was  first 

presented  to  the  public.    The  advancement  of 

<  very  branch  of  knowledge  during  this  period 

'  *   has  rendered  a  revised  edition  a  necessity. 

*        The  editor  has,  however,  retained  all  the  old 

''     text,   except   some    portions  which   might  be 

I     deemed  superfluous.    A  large  amount  of  addi- 

!     tional  matter — the  results  of  recent  investiga- 

>  .turns  and  discoveries — has  been  introduced  in 

^  tibie  present  edition.    This  work  has  been  libe- 

.  rally  patronized,  both  by  teachers  and  heads  of 

families, — more  than  one  hundred  and  twenty 

.thousand  copies  having  been  sold.    The  editor 

entertains  the  hope  that  the  present  edition  will 

be  received  with  equal  favor. 

The  valuable  little  work  of  Professor  Pepper, 
entitled  "Scientific  Amusements,"  has  been 
added  as  an  Appendix  to  the  work. 


PREFACE. 


A  part  of  the  following  work  is  from  the  pen  of  the 
Rev.  Dr.  Brewer,  of  Trinity  Hall,  Cambridge,  also  Head 
Master  of  King's  College  School,  Norwich,  in  union  with 
King's  College,  London.  It  contains  much  useful  as  well 
as  practical  scientific  knowledge  in  a  very  popular  and 
entertaining  form. 

The  work,  however,  as  it  emanated  from  the  English 
press  was  not  only  in  many  points  unsuited  to  the  Ame- 
rican pupil,  but  was  exceedingly  deficient  in  its  arrange- 
ment. The  editor  has  endeavored  to  remedy  these  defects 
by  making  many  additions,  as  well  as  by  altering  those 
parte  which  were  purely  applicable  to  Great  Britain,  and 
adapting  the  whole  to  our  own  country.  As  to  the  ar- 
rangement, he  feels  confident  it  will  be  the  means  of 
facilitating  the  acquirement  of  the  great  amount  of  use- 
ful information  embodied  in  the  work,  and  also  of  classi- 
fying in  the  mind  of  the  pupil  the  different  branches  of 
which  it  treats. 

"No  science  is  more  generally  interesting  than  that 
ich  explains  the  common  phenomena  of  life.  We  see 
it  salt  and  snow  are  both  white,  a  rose  red,  leaves 
«n,  and  the  violet  a  deep  purple;  but  how  few  per- 
i  ever  ask  the  reason  why !     We  know  that  a  flute 
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produces  a  musical  sound,  and  a  cracked  bell  a  discord- 
ant one, — that  fire  is  hot,  ice  cold,  and  a  candle  lumi- 
nous,— that  water  boils  when  subjected  to  heat,  and 
freezes  from  cold ;  but  when  a  child  looks  up  into  our 
face  and  asks  us  'why?'  how  many  times  is  it  silenced 
with  a  frown,  or  called  'very  foolish  for  asking  such  silly 
questions'  I"* 

This  book,  intended  for  the  use  of  families  and  schools, 
explains  about  two  thousand  of  these  questions,  and  is 
written  in  language  so  plain  as  to  be  understood  by  all. 
Care  has  been  taken,  however,  in  the  endeavor  to  render 
it  intelligible  to  the  young,  to  avoid  that  childish  sim- 
plicity which  might  be  unacceptable  to  those  of  riper 
years. 

A  very  JvM  index  is  appended  to  the  work,  to  facilitate 
the  pupil's  researches. 

In  the  Preface  to  the  English  edition,  already  men- 
tioned, there  is  an  anecdote  related  which  is  so  appro- 
priate that  it  is  here  given  in  full : — 

"A  remarkable  instance  came  before  the  author  a  few 
months  since  of  the  statement  made  in  the  early  part  of 
this  Preface.  The  conversation  was  about  smoke, — why 
it  was  black,  and  not  white  like  the  fine  dust  of  lime.  A 
Httle  child  who  was  present  asked,  'Why  is  the  kettle 
80  black  with  smoke  V  Her  papa  answered,  '  Because  it 
has  been  on  the  fire/  'But/  urged  the  child,  'what  is 
the  good  of  its  being  black?'  The  gentleman  replied, 
'Silly  child,  you  ask  very  foolish  questions:  sit  down, 
and  hold  your  tongue.'  " 

Information  of  that  description  is  just  what  children 

*■        —  — 

*  Dr.  Brewer's  Preface. 
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love  to  gain,  and  what  many  older  persons,  who  are  even 
tolerably  well  informed,  are  not  competent  to  give. 

The  editor  trusts  his  book  may  prove  an  interesting 
and  useful  companion  to  both  old  and  young,  either  in 
the  family  circle  or  in  the  school-room. 

Twenty-five  thousand  copies  of  the  English  edition  of 
the  above  work  were  sold  in  London  in  less  than  two 

years. 
Philadelphia,  April,  1851. 


The  following  is  extracted  from  a  letter  received  by  the 
Editor  from  the  Rev.  Dr.  Brewer. 

"Robert  E.  Peterson,  Esq. 

"Dear  Sir: — I  have  received  the  American  edition  of 
my  Guide  to  Familiar  Science,  and  think  it  very  hand- 
somely printed  and  skilfully  rearranged.  I  shall  esteem 
it  an  honor  to  give  my  full  consent  to  your  expressing 
my  approbation  of  your  edition  of  my  Familiar  Science, 
and  I  thank  you  for  the  kindness  in  having  sent  me  a 

copy. 

"  Dear  sir, 

"  Yours  truly, 

"  E.  C.  Brewer. 

*St.  Helen,  Isle  op  Jersey, 
"3d  Dec.  1851. 
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10  CALORIC. 

from  the  hotter  substance,  and  produces  on 
our  nerves  the  sensation  of  warmth. 

6«  What  is  that  "subtle  invisible  stream"  called, 
which  flows  from  the  hotter  substance  ? 

A.  Caloric.  Caloric,  therefore,  is  the  agent 
which  produces  the  sensation  of  warmth; 
but  the  sensation  itself  is  called  Heat. 

7«  Is  caloric  equally  distributed  over  the  globe  ? 

A.  No :  at  the  equator  the  average  tempe* 
rature  is  82 J°,  while  at  the  poles  it  is  be- 
lieved to  be  about  13°  below  zero. 

"Average  Temperature"  the  mean  or  medium  temperature. 
"  Zero,'1  the  point  from  which  a  thermometer  is  graduated. 


CHAPTER  II.— ELECTRICITY  A  SOURCE 

OF  HEAT. 

SEOTIOH  L-ELEOTBIOITT  PB0DU0ED  'BY  PEIOTIOH. 
8«  Was  electricity  known  to  the  ancients  ? 

A.  Yes :  they  knew  that  when  amber  (th^ 
Greek  word  for  which  is  yjXExtpov — electron) 
is  rubbed,  it  acquires  the  property  of  attract- 
ing other  bodies. 

9a  Bo  all  bodies,  when  rubbed,  acquire  this  kind  of 
action  ? 

A.  They  do   not.     Glass,   silk,  wax,  dry 
,  hair,  wool,  and  many  other  substances 
non-conductors,  possess  this  property. 
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10*   Why  are  glass,  silk,  wax,  &c.  called   non-con- 
ductors ? 

A.  Because  electricity  does  not  pass  through 
them  freely. 

Hi  Through  what  bodies  does  electricity  pass  readily? 

A.  Through  metals,  plants,  animals,  liquids, 
and  many  other  substances,  called  conductors. 

12*  Why  are  these  substances  called  conductors  ?        * 

A.  Because  they  conduct  the  electricity 
from  one  body  to  another. 

13*  Why  is  electricity  excited  by  friction  ? 

A.  Electricity,  like  heat,  exists  in  all 
matter ;  but  it  is  often  in  a  latent  state : 
friction  disturbs  it,  and  brings  it  into  active 
operation. 

"Latent,"  hidden,  concealed. 

14a  How  may  large  quantities  of  electricity  be  de- 
veloped by  friction  ? 

A.  By  the  rapid  escape  of  steam  through 
a  small  orifice.  The  friction  of  the  con- 
densed particles  of  water  driven  out  by  the 
steam  is  a  powerful  source  of  electricity. 

It  U  on  this  principle  that  Sir  Charles  Armstrong  constructed  tb«* 
Hydro-Electric  machine,  which  develops  electricity  in  enormous 
quantities. 

15a  When  you  rub  a  piece  of  paper  with  Indian 
robber,  why  does  it  often  adhere  to  the  table  ? 

A.  Because  the  friction  of  the  Indian 
rubber  against  the  surface  of  the  paper  de- 
velops electricity,  to  which  this  adhesive 
ness  is  mainly  to  be  attributed. 
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16a  If  you  dry  a  piece  of  common  brown  paper  bj 
the  fire,  and  draw  it  once  or  twice  across  a  piece  of 
woollen  cloth,  why  will  it  stick  fast  to  the  wall  ? 

A.  Because  the  friction  develops  electri- 
city on  the  paper,  which  manifests  itself  by 
this  property  of  adhesion. 

17a  When  a  glazier  is  mending  a  window  and  cleans 
the  pane  with  his  brush,  why  do  the  loose  pieces  of 
putty  on  the  opposite  side  of  the  window-pane  frequently 
dance  up  and  down  ? 

A.  Electricity  is  excited  on  both  sides  of 
the  glass  by  the  friction  of  the  brush ;  and 
as  soon  as  the  fragments  of  putty  touch  the 
excited  part  of  the  glass  they  become  charged 
with  electricity  and  fall  on  the  wooden  ledge, 
which,  being  a  conductor,  deprives  them  of 
their  electricity;  then  they  fly  up  again  to 
receive  a  fresh  charge,  which  process  being 
often  repeated  causes  the  commotion  in  the 
pieces  of  putty  referred  to  in  the  question. 

18a  Why  does  brushing  the  hair  for  a  long  time  fre- 
quently make  the  head  itch  ? 

A.  1st.  Because  the  friction  of  the  hair- 
brush excites  electricity  in  the  hair,  which 
thus  becomes  overcharged  and  irritates  the 
skin;  and, 

2d.  The  hair-brush  excites  increased  action 
in  the  vessels  and  nerves  of  the  scalp,  pro- 

cing  a  slight  degree  of  inflammation,  which 
ndicated  by  a  sensation  of  itching. 

••  Does  electricity  present  any  appearance  by  which 
e  known  ? 
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A.  No :  electricity,  like  heat,  is  in  itself 
invisible ;  though  often  accompanied  by  both 
light  and  heat. 

20»  Is  electricity  accompanied  by  any  odor? 

A.  Yes :  near  a  large  electrical  machine  in 
good  action  there  is  always  a  peculiar  odor, 
resembling  that  of  sulphur  and  phosphorus. 
This  odor  is  called  "  Ozone,"  generated  by  the 
action  of  lightning  on  the  oxygen  of  the  air. 

21i  Has  this  peculiar  odor  called  "Ozone"  been  ob- 
served in  thunder-storms  ? 

A.  Yes:  sometimes  the  sulphurous  odor 
prevails,  and  sometimes  the  phosphoric. 

22»  Why  are  there  different  colors  in  the  Aurora 
Borealis,  such  as  white,  yellow,  red,  and  purple  ? 

A.  Because  the  electric  fluid  passes  through 

air  of  different  densities.     The  most  rarefied 

tar  produces  a  white  light;  the  most  dry  air, 

red;   and  the  most  damp  produces  yellow 

.ftreaks. 

SECTION  IL-LIGHTNIKG. 
2&  What  is  lightning? 

A.  Lightning  is  accumulated  electricity 
discharged  from  the  clouds. 

24a  What  produces  electricity  in  the  clouds  ? 

A.  1st.  The  evaporation  from  the  earth's 
surface; 

2d.  The  chemical  changes  which  take 
place  on  the  earth's  surface ;  and, 
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3d.  Currents  of  air  of  unequal  tempera 
ture,  which  excite  electricity  by  friction,  as 
they  come  in  contact  with  each  other. 

25*  What  causes  the  discharge  of  an  electric  cloud  ? 

A.  When  a  cloud  overcharged  with  elec- 
tric fluid  approaches  another  which  is  under- 
charged, the  fluid  rushes  from  the  former 
into  the  latter,  till  both  contain  the  same 
quantity. 

There  are  two  kinds  of  Electricity, — one  Vitreous,  the  other  Resin- 
ous :  more  frequently  called  Positive  and  Negative  Electricity. 

26a  Is  there  any  other  cause  of  lightning  besides 
the  one  just  mentioned  ? 

A.  Yes :  sometimes  mountains,  trees,  and 
steeples  will  discharge  the  lightning  from  a 
cloud  floating  near;  and  sometimes  electric 
fluid  rushes  out  of  the  earth  into  the  clouds. 

27a  How  high  are  the  lightning-clouds  from  the 
earth? 

A.  Sometimes  they  are  four  or  five  miles 
high;  and  sometimes  they  actually  touch 
the  earth  with  one  of  their  edges ;  but  they 
are  rarely  discharged  in  a  thunder-storm 
when  they  are  more  than  seven  hundred 
yards  above  the  surface  of  the  earth. 

28«  How  high  are  the  clouds,  generally  ? 

A.  In  a  fine  day,  the  clouds  are  often  four 
or  five  miles  above  our  heads ;  but  the  ave- 
rage height  of  the  clouds  is  from  one  and  a 
half  to  two  miles. 
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21*  Why  is  lightning  sometimes  forked  ? 

A.  Because  the  lightning-cloud  is  at  a 
great  distance ;  and  the  resistance  of  the  air 
is  so  great  that  the  electrical  current  is 
diverted  into  a  zigzag  course. 

SO*  How  does  the  resistance  of  the  air  make  the 
lightning  zigzag  ? 

A.  As  the  lightning  condenses  the  air  in 
the  immediate  advance  of  its  path,  it  flies 
from  side  to  side,  in  order  to  pass  where 
there  is  the  least  resistance. 

31  •  Why  are  there  sometimes  two  flashes  of  forked 
lightning  at  the  same  moment  ? 

A.  Because  (in  very  severe  storms)  the 
.flash  divides  into  two'or  more  parts/each 
of  which  assumes  the  zigzag  form. 

82#  Why  is  the  flash  sometimes  quite  straight  ? 

A.  Because  the  lightning-cloud  is  near  the 
earth;  and,  as  the  flash  meets  with  very 
little  resistance,  it  is  not  diverted :  in  other 
Words,  the  flash  is  straight. 

83*  What  is  sheet-lightning  ? 

A.  Either  the  reflection  of  distant  flashes 
not  distinctly  visible,  or  beneath  the  horizon ; 
or  else  several  flashes  intermingled. 

S4«  What  other  form  does  lightning  occasionally 
tflsnme? 

A.  Sometimes  the  flash  is  globular ;  which 
is  the  most  dangerous  form  of  lightning. 
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35a  Why  is  a  flash  of  lightning  generally  followed  by 
pouring  rain  ? 

A.  The  flash  produces  a  change  in  the 
physical  condition  of  the  air,  rendering  it 
unable  to  hold  as  much  water  in  solution  as 
it  could  before ;  in  consequence  of  which,  a 
part  is  given  off  in  heavy  rain. 

36*  Why  is  a  flash  of  lightning  generally  followed  by 
a  gust  of  wind  ? 

A.  Because  the  physical  condition  of  the 
air  is  disturbed  by  the  passage  of  the  light- 
ning, and  wind  is  the  result  of  this  dis- 
turbance. 

37.  Why  is  there  no  thunder  to  what  is  called  sum- 
mer-lightning ? 

A.  Because  the  lightning-clouds  are  so  far 
distant  that  the  sound  of  the  thunder  is  lost 
before  it  reaches  the  ear. 

38 1  When  lightning  flashes  from  the  earth  to  the 
clouds,  what  is  the  flash  called  ? 

A.  It  is  popularly  called  the  "returning 
stroke,"  because  the  earth,  being  overcharged 
with  electric  fluid,  returns  the  surplus  quan- 
tity to  the  clouds. 

39*  Why  is  lightning  more  common  in  summer  and 
autumn  than  in  spring  and  winter  ? 

A.  Because  the  heat  of  summer  and  autumn 
^oduces  great  evaporation,  and  the  conver- 
n  of  water  into  vapor  always   develops 
r».tricity. 
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40*  Why  is  a  tree  sometimes  scorched  by  lightning, 
as  if  it  had  been  set  on  fire  ? 

A.  The  electric  fluid  scorches  by  its  own 
positive  heat. 

4L  When  does  lightning  pass  from  the  earth  to  the 
clouds? 

A.  When  the  clouds  are  in  a  "  negative" 
state  of  electricity. 

42*  When  does  lightning  pass  from  the  clouds  to  the 
earth? 

A.  When  the  clouds  are  in  a  "positive" 
state  of  electricity. 

43*  What  is  meant  by  the  clouds  being  in  a  "positive 
state  of  electricity"  ? 

A.  When  the  clouds  contain  more  electric 
fluid  than  they  generally  do,  they  are  said  to 
be  in  a  "  positive  state  of  electricity." 

44«  What  is  meant  by  the  clouds  being  in  a  "  negative 
slate  of  electricity"  ? 

A.  When  the  clouds  contain  less  electric 
fluid  than  they  generally  do,  they  are  said  to 
be  in  a  "negative  state  of  electricity." 

45#  Does  the  flash  proceed  from  a  negative  or  a  positive 
body? 

A.  Always  from  a  positive  body ;  that  is, 
fiom  one  overcharged  with  electric  fluid. 


2* 
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§1. — DANGER  PROM  LIGHTNING. 

46a  Why  does  lightning  sometimes  kill  men  and 
beasts? 

A.  Because,  when  the  electric  current  passes 
through  a  man  or  beast,  it  produces  so  violent 
an  action  upon  the  nerves  that  it  destroys 
life. 

47*  When  is  a  person  struck  dead  by  lightning? 

A.  Only  when  his  body  forms  a  part  of  the 
lightning's  path;  that  is,  when  the  electric 
fluid  (in  its  way  to  the  earth)  actually  passes 
through  his  body. 

48*  Why  are  persons  sometimes  maimed  by  lightning? 

A.  Because  the  electric  fluid  produces  an 
action  upon  the  nerves  sufficient  to  injure 
them,  but  not  to  destroy  life. 

49*  Lightning  sometimes  assumes  the  appearance  of 
balls  of  fire  which  fall  to  the  earth :  what  are  they  ? 

A.  Masses  of  explosive  gas  formed  in  the 
air :  they  generally  move  more  slowly  than 
the  ordinary  lightning. 

50.  Why  are  these  balls  of  fire  very  dangerous? 

A.  Because,  when  they  fall,  they  explode 
like  a  cannon,  and  occasion  much  mischief. 

51*  Do  these  balls  of  fire  ever  run  along  the  ground? 

A.  Yes:  sometimes  they  run  a  consider- 
ate distance  along  the  ground,  and  explode 
a  mass. 
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At  other  times  they  split  into  numerous 
smaller  balls,  each  of  which  explodes  in  a 
similar  manner. 

{&  What  mischief  do  these  balls  of  fire  produce  ? 

A.  They  set  fire  to  houses  and  barns,  and 
kill  all  cattle  and  human  beings  that  hap- 
pen to  be  in  their  course. 

5St  What  places  are  most  dangerous  during  a  thunder- 
storm? 

A.  It  is  very  dangerous  to  be  near  a  tree  or 
lofly  building,  and  also  to  be  near  a  river  or 
any  running  water. 

54*  Why  is  it  dangerous  to  he  near  a  tree  or  lofty 
building  during  a  thunder-storm  ? 

A.  Because  a  tall  pointed  object  (like  a  tree 
or  spire)  will  frequently  discharge  a  lightning- 
cloud;  and,  if  any  one  were  standing  near, 
the  lightning  might  diverge  from  the  tree 
and  pass  through  the  fluids  of  the  human 
body. 

Si*  How  can  a  tree  or  spire  discharge  a  lightning- 
doad? 

A.  A  lightning-cloud  floating  over  a  plain 
may  be  too  far  off  to  be  discharged,  but,  as  a 
tree  or  spire  would  shorten  this  distance,  it 
might  no  longer  be  too  far  off  to  be  dis- 
charged. 

For  example :  if  a  lightning-cloud  were  seven  hundred  yards  above 
the  earth,  it  would  be  too  far  off  to  be  discharged ;  but  a  spire  fifty 
Tarda  high  would  make  the  cloud  only  six  hundred  and  fifty  yards 
■MR a  conductor;  in  consequence  of  which  the  cloud  might  be  in' 
Mostly  discharged. 
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56a  What  parts  of  a  dwelling  are  most  dangerous 
daring  a  thunder-storm  ? 

A.  The  fireplace,  (especially  if  the  fixe  be 
lighted,)  the  attics,  and  the  cellar.  It  is  also 
imprudent  to  sit  close  by  the  walls,  to  ring 
the  bell,  or  to  bar  the  shutters  during  a  thun- 
der-storm. 

57*  Why  is  it  dangerous  to  sit  before  a  fire  during  a 
thunder-storm  ? 

A.  Because  the  heated  air  and  soot  are 
conductors  of  lightning,  especially  when  con- 
nected with  such  excellent  conductors  as  the 
stove  or  grate. 

58*  Why  are  attics  and  cellars  more  dangerous  in  a 
thunder-storm  than  the  middle  story  of  a  house  ? 

A.  Because  lightning  sometimes  passes  from 
the  clouds  to  the  earth,  and  sometimes  from 
the  earth  to  the  clouds :  in  either  case  the 
middle  story  would  be  the  safest  place. 

59.  Why  is  it  dangerous  to  lean  against  a  wall  during 
a  thunder-storm  ? 

A.  Because  the  electric  fluid  will  sometimes 
run  down  a  wall,  and  (as  a  man  is  a  better 
conductor  than  a  wall)  would  leave  the  wall 
and  run  down  the  man. 

60*  Why  is  it  dangerous  to  ring  a  bell  during  a  thun- 
der-storm ? 

A.  Bell-wire  is  an  excellent  conductor;  and 
if  a  person  were  to  touch  the  bell-handle,  the 
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electric  fluid,  passing  down  the  wire,  mighl 
run  through  his  hand  and  injure  it. 

61*  Why  is  it  dangerous  to  be  in  a  crowd  during  a 
thunder-storm  ? 

A.  For  two  reasons  : — 1st.  Because  a  mass 
of  people  forms  a  better  conductor  than  an 
individual ;   and, 
2d.  Because  the  vapor  arising  from  a  crowd 
[     increases  its  conducting  power. 

62*  Why  is  the  danger  increased  by  the  vapor  which 
•     rises  from  a  crowd  ? 

\  A.  Because  vapor  is  a  conductor ;  and  the 
more  conductors  there  are  the  greater  the 
danger  will  be. 

63«  Why  is  a  theatre  dangerous  during  a  thunder- 
storm? 

A.  Because  the  vapor  arising  from  so  many 
living  bodies  is  an  excellent  conductor  of 
lightning. 

C4§  If  a  person  be  abroad  in  a  thunder-storm,  what 
place  is  the  safest  ? 

A.  Any  place  about  twenty  or  thirty  feet 
from  a  tall  tree,  building,  or  stream  of  water. 


h  Why  would  it  be  safe  to  stand  twenty  or  thirty 
feet  from  a  tall  tree  during  a  thunder-storm  ? 

A.  Because  the  tall  tree  is  a  conductor; 
and  we  should  not  be  sufficiently  near  the 
tjree  for  the  lightning  to  diverge  from  it  to  us. 
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66«  If  a  person  be  in  a  carriage  in  a  thunder-ston 
in  what  way  can  he  travel  most  safely  ? 

A.  He  should  not  lean  against  the  carriage 
but  should  sit  upright. 

67*  Why  should  not  a  person  lean  against  the  carriag 
in  a  storm  ? 

A.  Because  the  electric  fluid  might  run  dow 
the  sides  of  the  carriage,  and,  if  a  person  wer 
leaning  against  them,  would  make  a  choic 
of  him  for  a  conductor,  and  perhaps  destro' 
life. 

68 •  Why  is  a  mattress,  bed,  or  hearth-rug  a  goo 
security  against  injury  from  lightning  ? 

A.  Because  they  are  all  non-conductors 
and  lightning  always  makes  choice  of  the  bes 
conductors. 

69*  Is  it  better  to  be  wet  or  dry  during  a  thundei 
storm? 

A.  To  be  wet.  If  a  person  be  in  the  opei 
field,  the  best  thing  he  can  do  is  to  stant 
about  twenty  feet  from  some  tree  and  ge 
completely  drenched  to  the  skin. 

70#  Why  is  it  better  to  be  wet  than  dry  ? 

A.  Because  wet  clothes  form  a  better  con 
«•  than  the  fluids  of  our  body ;  and  there 
fhtning  would  more  readily  pass  dowr 
X  clothes. 
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I  §  n. — LIGHTNING-CONDUCTORS. 

f  7L  What  is  a  lightning-conductor  ? 

A.  A  metal  rod  fixed  in  the  earth,  running 
up  the  whole  height  of  a  building  and  rising 
in  a  point  above  it. 

I         72*  What  metals  are  the  best  conductors  of  electricity  f 

A.  Pure  silver  and  copper  are  the  best 
conductors  of  electricity;  but  all  the  metals 
are  good  conductors. 

73*  What  is  the  use  of  a  lightning-conductor  ? 

A.  As  metal  is  a  most  excellent  conductor, 
lightning  (which  makes  choice  of  the  best 
conductors)  will  run  down  a  metal  rod  rather 
than  the  walls  of  the  building. 

74.  Why  should  lightning-conductors  he  pointed  ? 

A.  Because  points  conduct  electricity  away 
silently  and  imperceptibly,  but  knobs  pro- 
duce an  explosion  which  would  endanger  the 
building. 

Points  empty  the  clouds  of  electricity,  acting  at  a  much  greater 
Hitannr  than  knobs:  thus,  a  Leyden-jar  of  considerable  sise  may 
W  safely  and  silently  discharged  by  holding  the  point  of  a  needle  an 
Ml  or  two  off. 

Blades  of  grass,  ears,  of  wheats  and  other  pointed  objects  serve  U 
the  clouds  of  their  electricity. 


75*  How  can  lightning-conductors  he  productive  of 
harm? 

A,  If  the  rod  be  broken,  the  electric  fluid 
(being  obstructed  in  its  path)  will  damage  the 
building. 
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76#  Is  there  any  other  evil  to  be  apprehended  from  a 
lightning-rod  ? 

A.  Yes :  if  the  rod  be  not  large  enough  to 
conduct  the  whole  current  to  the  earth,  the 
lightning  will  fuse  the  metal  and  injure  the 
building. 

77»  Why  are  boughs  of  trees  broken  off  by  lightning? 

A.  Because  the  mechanical  force  of  the 
lightning  is  very  great;  and,  as  the  boughs 
of  a  tree  often  impede  the  passage  of  the 
electric  fluid,  they  will  be  broken  off  by  this 
force. 

78*  Why  is  an  electric  shock  felt  most  at  the  elbow- 
joint  ? 

A.  Because  the  path  of  the  fluid  is  obstructed 
by  the  joint ;  and  the  shock  felt  at  the  elbow 
is  caused  by  the  fluid  leaping  from  one  bone 
to  another. 

79«  Is  not  air  a  conductor  of  lightning  ? 

A.  No :  dry  air  is  not  a  conductor  of  light- 
ning. 

80*  Why  does  lightning  part  the  air  through  w&ch  it 
passes  ?     It  does  not  part  a  rod  of  iron. 

A.  As  iron  is  a  conductor,  it  allows  the 
fluid  to  pass  freely  through  it;  but  air  (being 
a  non-conductor)  resists  its  passage. 

81*  Does  lightning  go  through  the  inside  or  down  the 
outside  of  a  tree  ? 

A.  It  runs  down  the  outside  of  a  tree,  but 
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passes  through  the  inside  of  a  man,  as  it 
always  chooses  the  best  conductors. 

82.  What  effects  are  produced  when  electricity  strike* 
solid  imperfect  conductors  ? 

A.  It  rends  them  to  pieces  or  shatters  them 
into  fragments. 

83*  Give  an  example  of  these  effects  of  electricity. 

A.  Lightning  separates  the  air  with  great 
force,  producing  the  crashing  noise  known  as 
thunder ;  it  breaks  glass  into  fragments  and 
rends  trees  into  splinters  when  it  passes 
through  any  of  these  bodies  on  its  way  to 
the  earth. 

84.  What  effect  is  produced  when  electricity  passes 
Jfaough  good  conductors  ? 

A.  It  flows  along  gently  and  quietly,  and 
would  not  even  ruffle  a  feather  resting  upon 
them. 

85t  Give  an  example  of  electricity  passing  through  a 
conductor. 

A.  It  will  pass  quietly  down  a  lightning- 
rod  and  enter  the  earth  unperceived,  because 
the  metallic  rod  is  a  good  conductor. 

§111. — EFFECTS   OF   LIGHTNING. 

8ft  What  are  fulgurites  ? 

A.  Hollow  tubes  produced  in  sandy  soil* 
hf  the  action  of  lightning. 
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87«  How  does  lightning  produce  fulgurites  ? 

A.  When  it  enters  the  earth  it  fuses  (that 
is,  melts)  the  flinty  matter  of  the  soil  into  a 
vitreous  (or  glassy)  substance,  called  a  ful- 
gurite. 

88«  Why  is  the  bark  of  a  tree  often  ripped  quite  off 
by  a  flash  of  lightning  ? 

A.  Because  the  latent  heat  of  the  tree 
(being  very  rapidly  developed  by  the  electric 
fluid)  forces  away  the  bark  in  its  impetuosity 
to  escape. 

Some  part  of  this  is  probably  due  to  the  simple  mechanical  force  of 
the  lightning. 

89*  How  does  lightning  sometimes  knock  down  houses 
and  churches  ? 

A.  The  steeple  or  chimney  is  first  struck : 
the  lightning  then  darts  to  the  iron  bars  and 
clamps  employed  in  the  building,  and  (as  it 
darts  from  bar  to  bar)  shatters  to  atoms  the 
bricks  and  stones  which  oppose  its  pro- 
gress. 

90«  Why  does  the  lightning  fly  about  from  place  t# 
place? 

A.  Because  it  always  takes  in  its  course 
the  best  conductors. 

91*  Why  does  lightning  turn  milk  sour? 

A.  Lightning  causes  the  gases  of  the  air 
through  which  it  passes  to  combine,  and  thus 
^oduces  a  poison,  called  nitric  acid,  some 
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small  portion   of  which,   mixing  with   the 
[     milk,  turns  it  sour.* 

r 

f.  Sometime*  the  mere  heat  of  the  air  during  the  storm  turns  milk 

\,       tow* 

L         92*  What  is  the  difference  between  combining  and 

tolling  ?  , 

A.  When  different  ingredients  are  mingled 
together  without  undergoing  any  chemical 
change,  they  are  said  to  be  mixed;  but  when 
the  natural  properties  of  each  are  altered  by 
the  union,  then  those  ingredients  are  said  to 
be  combined. 

fti  Give  an  example. 

A.  Different-colored  sands  (shaken  together 
in  a  bottle)  will  mix,  but  not  combine ;  but 
water  poured  on  quicklime  will  combine  with 
•  the  lime,  and  not  mix  with  it. 

tit  Why  are  different  grains  of  sand  said  to  be  mixed 
then  they  are  shaken  together  ?  ^ 

A.  Because  (though  mingled  together)  the 
property  of  each  grain  remains  the  same  as  it 
was  before. 

tS«  Why  is  water,  poured  on  lime,  said  to  combine 
With  it? 

A.  Because  the  properties  of  each  are 
altered  by  the  mixture :  the  lime  alters  the 

^*^— ^— r— ■_— _m-  i  ,  —  I 

•The  air  is  composed  of  two  gases,  called  oxygen  and  nitrogen, 
BbuxL together,  but  not  combined.  Oxygen,  combined  with  nitrogen, 
pfdaees  Ave  deadly  poisons,  viz. :  nitrons  oxide,  nitric  oxide,  hypo* 
■tattf  acid,  nitrous  acid,  and  nitric  acid,  according  to  the  proportion 
tf  eaefe  gas  i*  the  combination. 


J. 
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character  of  the  water,  and  the  water  that 
of  the  lime. 

96*  Do  oxygen  and  nitrogen  combine,  or  only  mix 
together,  in  atmospheric  air  ? 

A.  They  only  mix  together,  as  grains  of 
sand  would  do  when  shaken  in  a  bottle. 
When  oxygen  and  nitrogen  combine,  they 
do  not  constitute  air,  but  acid  poisons. 

97«  Why  does  lightning  turn  beer  sour,  although  con- 
tained in  a  close  cask  ? 

A.  Because,  if  beer  be  new  and  the  process 
of  fermentation  incomplete,  lightning  will  so 
accelerate  the  process  as  to  turn  the  sugar 
into  acetic  acid  at  once,  without  its  passing 
through  the  intermediate  state  of  alcohol. 

98#  Why  arc  not  old  beer  and  strong  porter  made  sour 
by  lightning  ? 

A.  Because  the  fermentation  is  more  com- 
plete, and,  therefore,  is  less  affected  by  elec- 
trical influence. 

99#  Why  is  metal  sometimes  fused  by  lightning  ? 

A.  Because  the  dimension  of  the  metal 
is  too  small  to  afford  a  path  for  the  electric 
current. 

100t  Why  does  lightning  purify  the  air  ? 

A.  For  two  reasons : — 

1st.  Because  the  electric  fluid  produces 
"  nitric  acid"  in  its  passage  through  the  air ; 
and, 
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2d.  Because   the   agitation  of  the   storm 
stirs  up  the  air. 

The  "  nitric  acid"  is  produced  by  the  combination  of  some  portion! 
of  tike  oxygen  and  nitrogen  of  the  air. 


.,  How  does  the  production  of  nitric  acid  purify 
the  air  ? 

A.  Nitric  acid  acts  very  powerfully  in  de- 
stroying the  exhalations  which  arise  from 
putrid  vegetable  and  animal  matters. 

102*  Does  not  lightning  sometimes  affect  the  charac- 
ter of  iron  and  steel? 

A.  Yes :  bars  of  iron  and  steel  are  some- 
times rendered  magnetic  by  lightning. 

103*  Give  me  an  instance  of  the  magnetic  effects  of 
lightning. 

A.  Sometimes  it  will  reverse  the  needle 
of  the  magnet,  and  sometimes  destroy  its 
magnetism  altogether. 

104*  What  is  meant  by  the  magnetic  needle  being 
reversed  ? 

A.  That  part  of  the  needle  which  ought 

io  point  toward  the  north  is  made  to  point 

toward   the   south;    and    that    part  which 

'   ought  to  point  south  is  made  to  point  toward 

the  north. 


SECTION  nL-THTJITDEB. 
165.  What  is  thunder  ? 

A.  The  noise  made  by  the  concussion  of 

3* 
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the  air  when  it  closes  again,  after  it  has  been 
separated  by  the  lightning-flash. 

A  part  of  the  noise  is  owing  to  certain  physical   and  chemical 
changes  produced  in  the  air  by  the  electric  fluid. 

106*  Why  is  thunder  sometimes  one  vast  crash  ? 

A.  Because  the  lightning-cloud  is  Hear  the 
earth ;  and  as  all  the  vibrations  of  the  air 
(on  which  sound  depends)  reach  the  ear  at 
the  same  moment,  they  seem  like  one  vast 
crash. 

107*  Why  is  the  peal  sometimes  an  irregular,  broken 
roar? 

A.  Because  the  lightning-cloud  is  at  a 
great  distance;  and  as  some  of  the  vibra- 
tions of  the  air  have  much  farther  to  travel 
than  others,  they  reach  the  ear  at  different 
times,  and  produce  a  continuous  sound. 

108*  Which  vibrations  will  be  soonest  heard  ? 

A.  Those  produced  in  the  lowest  portions 
of  the  air. 

109*  Why  will  those  vibrations  be  heard  first  which 
are  made  last? 

A.  Because  the  flash  (which  produces  the 
sound)  is  almost  instantaneous,  but  sound 
takes  a  whole  second  of  time  to  travel  three 
hundred  and  eighty  yards. 

110*  If  a  thunder-cloud  were  one  thousand  nine  hun- 
dred yards  off,  how  long  would  the  peal  last  ? 

A.  Five  seconds :  we  should  first  hear  the 
'brations  produced  in  those  portions  of  the 
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air  wn&guous  to  the  earth ;  then  those  more 
remote ;  and  it  would  be  five  seconds  before 
those  vibrations  could  reach  us  which  were 
made  in  the  immediate  vicinity  of  the  cloud.' 

380X5  —  1900. 

A  popular  method  of  telling  how  far  off  a  storm  is,  is  this.  The 
moment  you  see  the  flash,  put  your  hand  upon  your  pulse,  and  count 
how  many  times  it  beats  before  ytu  hear  the  thunder :  if  it  beats  six 
pulsations,  the  storm  is  one  mile  otf ;  if  twelve  pulsations,  it  is  two 
miles  off;  and  so  on. 

Ill*  Why  is  thunder  somo times  like  a  deep  growl  ? 

A.  Because  the  storm  is  far  distant,  and 
the  sound  of  the  thundar  indistinct. 

112*  Is  not  the  sound  of  thunder  affected  by  local 
circumstances? 

A.  Yes :  the  flatter  the  country  the  more 
unbroken  is  the  peal.     Mountains  break  the 
I  peal  and  make  it  harsh  and  irregular. 

11S«  What  is  the  cause  of  rolling  thunder  ? 

A.  The  vibrations  of  air  (having  different 
■  lengths  to  travel)  reach  the  ear  at  successive 
F  intervals. 

?.■      The  rererberation  (or  echo)  among  the  massive  clouds  contributes 
\  h  tone  measure  to  this  effect 

\       114#  Do  thunderbolts  ever  drop  from  the  clouds  ? 

A.  No :  the  notion  of  thunderbolts  arises 
either  from  the  globular  form  which  lightning 
sometimes  assumes,  or  else  from  the  gaseous 
fire-balls  which  sometimes  fall  from  the 
clouds. 

See  Question  49. 
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115*  Why  is  the  thunder  often  several  moments  aftei 
the  flash  ? 

A.  Because  it  has  a  long  distance  to  travel. 
Lightning  travels  nearly-  a  million  times 
faster  than  thunder :  if,  therefore,  the  thun- 
der is  very  distant,  the  sound  will  not  reach 
the  earth  till  a  considerable  time  after  the 
flash. 

1 16#  Why  does  a  thunder-storm  generally  follow  very 
dry  weather  ? 

A.  Because  dry  air  (being  a  non-conductor) 
will  not  relieve  the  clouds  of  their  electricity : 
therefore  the  fluid  accumulates,  till  the 
clouds  are  discharged  in  a  storm. 

117#  Why  does  a  thunder-storm  rarely  succeed  wet 
weather  ? 

A.  Because  moist  air  or  falling  rain  (being 
a  conductor)  carries  down  the  electric  fluid 
gradually  and  silently  to  the  earth. 

118*  What  kind  of  weather  generally  precedes  a 
thunder-storm  ? 

A.  It  is  generally  preceded  by  hot  wea- 
ther. 

119#  Give  an  example  of  heat  produced  by  chemical 
action. 

A.  The  chemical  action  between  the  oxy- 
gen of  the  air  and  any  combustible  sub- 
stance, as  wood,  coal,  &c,  will  produce  heat. 
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CHAPTER   IIL-CHEMICAL  ACTION  A 
SOURCE   OF   HEAT. 

120*  What  is  meant  by  chemical  action  being  the 
source  of  heat  ? 

A.  Many  things,  when  their  chemical  con- 
stitution is  changed,  (either  by  the  abstrac- 
tion of  some  of  their  gases,  or  by  the  com- 
bination of  others  not  before  united,)  evolve 
heat  while  the  change  is  going  on. 

SE0TC0H  L-EXPAHSIOH. 
121*  What  effect  has  heat  upon  substances  generally? 

A.  It  expands  them,  or  enlarges  their 
dimensions. 

122*  Do  liquids  expand  by  heat  ? 

A.  They  do :  the  particles  of  which  they 
are  formed  are  not  so  firmly  held  together  by 
cohesion  as  the  particles  of  solid  bodies; 
they  therefore  more  readily  expand  by  heat. 

123*  What  liquid  expands  most  on  the  application  of 
heat? 

A.  Water.  A  cubic  inch  of  boiling  water 
when  changed  into  steam  expands  to  nearly 
a  cubic  foot.  That  is,  it  expands  to  about 
seventeen  hundred  times  its  original  bulk. 

124.  What,  is  the  difference  between  a  gas  and  a 
liquid? 

A.  Gases  are  very  elastic,  but  liquids  are 
not 
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125*  Illustrate  what  is  meant  by  the  elasticity  of 
gas. 

A.  If  from  a  vessel  full  of  gas  half  were 
taken  out,  the  other  half  would  immediately 
spread  itself  out  and  fill  the  same  space  as 
was  occupied  by  the  whole. 

126*  Prove  that  a  liquid  is  not  very  elastic. 

A.  If  from  a  gallon  of  water  you  take 
half,  the  remaining  four  pints  will  take  up 
only  half  the  room  that  the  whole  gallon 
previously  did :  a  liquid,  therefore,  is  not 
elastic  like  gas. 

Strictly  speaking,  a  liquid  is  slightly  elastic ;  inasmuch  as  it  may 
be  compressed,  and  will  afterwards  recover  its  former  dimensions. 

§  I. — EXPANSION    OF   LIQUIDS   AND   OASES. 

127*  Does  heat  expand  air  ? 

A.  Yes :  if  a  bladder  nearly  filled  with 
air  be  tied  up  at  the  neck  and  laid  before 
the  fire,  the  air  will  expand  till  the  bladder 
bursts. 

128*  Why  will  the  air  expand  if  the  bladder  be  laid 
before  the  fire  ? 

A.  Because  the  heat  of  the  fire  will  drive 
the  particles  of  air  apart  from  each  other, 
and  cause  them  to  occupy  more  room  than 
they  did  before. 

129#  Why  will  a  ball  of  lead  fall  to  the  bottom  of  a 
pail  of  water,  while  a  ball  of  cork  of  the  same  size  wiU 
swim? 

A.  Because  the  lead  is  heavier  and  the 
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cork   is    lighter    than    the    same    bulk   of 
water. 

130t  Why  will  a  ball  of  cork  fall  through  the  air, 
while  a  soap-bubble  of  the  same  size  ascends  ? 

A.  Because  the  ball  of  cork  is  heavier 
than  the  air,  and  the  soap-bubble  is  lighter 
than  its  own  bulk  of  air. 

13  L  But  the  soap-bubble  is  filled  with  air :  therefore 
why  is  it  lighter  than  the  air  around  it  ? 

A.  Because- the  soap-bubble  is  filled  by  the 
breath,  which  is  warm  air ;  and,  as  heat  ex- 
pands all  bodies,  the  air  in  the  soap-bubble 
is  made  to  occupy  a  larger  space  than  the 
lame  quantity  of  air  outside  of  the  bubble, 
and  for  this  reason  it  is  rendered  lighter. 

132*  But  suppose  cold  air  were  forced  into  the  soapy 
titer:  would  the  bubbles  ascend  ? 

A.  No :  if  the  air  forced  through  the  pipe 
Trere  of  the  temperature  of  the  surrounding 
atmosphere,  the  bubbles  would  not  rise. 

133*  Why  would  they  not  rise  ? 

A.  Because,  the  air  inside  of  the  bubbles 

[  being  of  the  temperature  of  the  surrounding 

atmosphere,  the  air  contained  in  them  would 

I  weigh  as  much  as  the  same  bulk  of  air  outt 

of  the  bubbles. 

1M«  Why  do  balloons  ascend  ? 

A.  Because  they  are  filled  with  air  lighter 
*fcaij  the  same  bulk  of  air  surrounding  the 
Sltoon. 
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135.  Does  beat  expand  every  thing  else  besides  aS 
and  water? 

A.  Yes:  every  thing  that  man  is  ac^ 
quainted  with  is  expanded  by  heat. 

136t  What  is  meant  by  Cold  ? 

A.  It  is  merely  the  absence  of  Heat. 

All  bodies  contain  heat;  but  inferior  de- 
grees of  heat  are  designated  by  the  term- 
"cold." 

137*  Most  bodies  contract  by  cold':  is  there  an  ex- 
ception to  this  rule  ? 

A.  Yes :  water  when  cooling  from  about 
seven  degrees  above  its  freezing-point  under- 
goes a  regular  expansion;  and  in  becoming 
solid  a  still  further  expansion  takes  place. 

138*  How  great  is  the  expansion  of  freezing  water? 

A.  It  amounts  to  about  one-seventh  of  its 
bulk.  That  is,  a  two-gallon  measure  contain- 
ing seven  quarts  of  water  would  be  quite  full 
when  perfectly  frozen. 

139*  Mention  some  of  the  effects  of  the  expansion 
of  freezing  water. 

A.  Rocks  are  often  rent  asunder  by  it; 
lead  and  iron  pipes  are  burst;  and  a  brass 
globe  filled  with  water  and  closed  by  a  screw 
was  burst,  by  the  freezing  of  the  water,  with 
a  force  of  not  less  than  twenty-eight  thousand 
pounds. 

140.  Why  do  unslit  chestnuts  crack  with  a  loud  noise 
when  roasted  ? 
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A.  Because  they  contain  a  great  deal  of 
air,  which  is  expanded  by  the  heat  of  the 
fire;  and  the  air,  not  being  able  to  escape, 
bursts  violently  through  the  thick  rind,  slit- 
ting it,  and  making  a  great  noise. 

Ill*  What  occasions  the  loud  crack  or  report  which 
ire  hear? 

A.  1st.  The  sudden  bursting  of  the  shell 
makes  a  report,  in  the  same  way  as  a  piece 
of  wood  or  glass  would  do  if  snapped  in 
two;  and, 

2d.  The  escape  of  hot  air  from  the  chest- 
nut makes  a  report  similar  to  that  of  gun- 
powder when  it  escapes  from  a  gun. 

I        142*  Why  does  the  sudden  bursting  of  the  shell,  or 
mapping  of  a  piece  of  wood,  make  a  report  ? 

A.  Because  a  violent  stroke  is  given  to  the 
air  when  the  attraction  of  cohesion  is  thus 
mddenly  overcome.  This  stroke  produces 
fttpid  undulations  in  the  air,  which,  striking 
upon  the  ear,  give  the  sensation  of  sound. 

143*  Why  does  the  escape  of  air  from  the  chestnut, 
or  the  explosion  of  gunpowder,  produce  a  report  ? 

A*  Because  the  sudden  expansion  of  the 
imprisoned  air  produces  a  partial  vacuum; 
'&e  report  is  caused  by  the  rushing  of  fresh 
air  to  fill  up  this  vacuum. 

114*  If  a  chestnut  be  slit  before  it  is  roasted,  it  will 
tot  craek :  why  is  this  ? 

A.  Because  the  heated  air  of  the  chestnut 
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can  then  escape  freely  through  the  slit  in  the 
rind. 

145t  Why  does  an  apple  split  and  spurt  about  when 
roasted  ? 

A.  Because  it  contains  a  quantity  of  air, 
which,  being  expanded  by  the  heat  of  the 
fire,  bursts  through  the  peel,  carrying  the 
juice  of  the  apple  along  with  it. 

146*  Does  an  apple  contain  more  air  in  proportion 
than  a  chestnut  ? 

A.  Yes,  much  more.  There  is  as  much 
condensed  air  in  a  common  apple  as  would 
fill  a  space  forty-eight  times  as  large  as  thf 
apple  itself. 

147*  How  can  all  this  air  be  stowed  in  an  apple  ? 

A.  The  inside  of  an  apple  consists  of  littl* 
cells,  each  of  which  contains  a  portion  oi 
air. 

148.  When  an  apple  is  roasted,  why  is  one  part  mad* 
soft,  while  all  the  rest  remains  hard  ? 

A.  Because  the  air  in  the  cells  next  the 
fire  is  expanded,  and  escapes;  the  cells  are 
broken,  and  their  juices  mixed  together :  so 
the  apple  collapses,  (from  loss  of  air  and 
juice,)  and  feels  soft  in  those  parts. 

149*  What  is  meant  by  the  apple  collapsing? 

A.  It  means  that  the  plumpness  gives 
way,  and  the  apple  becomes  soft  and  shri* 
veiled. 
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ISO*  Why  do  sparks  of  fire  start  with  a  crackling 
noise  from  pieces  of  wood  laid  upon  a  fire  ? 

A.  Because  the  air  (expanded  by  the 
heat)  forces  its  way  through  the  pores  of  the 
wood,  and  carries  along  with  it  the  covering 
of  the  pores  which  resisted  its  passage. 

151*  What  is  meant  by  the  "  pores  of  the  wood"  ? 

A.  Very  small  holes  in  the  wood,  through 
which  the  sap  circulates. 

152*  What  are  the  sparks  of  fire  which  burst  from 
t     the  wood? 

[  A.  Very  small  pieces  of  wood  made  red- 
[  hot>  and  separated  from  the  log  by  the  force 
■  of  the  air  when  it  bursts  from  its  confine- 
ment. 

153*  Why  does  light,  porous  wood  make  more  snap- 
ping than  any  other  kind  ? 

A.  Because  the  pores  are  very  large,  and 
contain  more  air  than  those  of  wood  of  a 
closer  grain. 

154*  Why  does  green  wood  make  less  snapping  than 

A.  Because  the  pores,  being  filled  with 
aap,  contain  very  little  air. 

15S*  Why  does  dry  wood  burn  more  easily  than  green 
W  wet  wood  ? 

A.  Because  the  pores  of  dry  wood  are 
filled  with  air,  which  supports  combustion ; 
but  the  pores  of  green  or  wet  wood  are  filled 
with  moisture,  which  extinguishes  flame. 
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156t  Why  does  moisture  extinguish  flame  f 

A.  1st.  Because  it  prevents  the  carbon  of 
the  fuel  from  mixing  with  the  oxygen  of  the 
air,  to  form  carbonic  acid  gas ;  and, 

2d.  Because  heat  is  perpetually  carried 
off  by  the  formation  of  the  sap  or  moisture 
into  steam. 

157t  Why  do  stones  snap  and  fly  about  when  heated 
in  a  fire  ? 

A.  Because  the  close  texture  of  the  stones 
prevents  the  hot  air  enclosed  in  them  from 
escaping ;  in  consequence  of  which,  it  bursts 
forth  with  great  violence,  tearing  the  stones 
to  atoms,  and  scattering  the  fragments. 

Probably  some  part  of  this  effect  is  due  to  the  setting  free  of  the 
water  of  crystallization. 

158*  When  hottled  ale  or  porter  is  set  before  a  fire, 
why  is  the  cork  sometimes  forced  out  ? 

A.  Because  the  carbonic  acid  gas  of  the 
liquor  expands  by  the  heat,  and  drives  out 
the  cork. 

Carbonic  acid  gas  is  a  compound  of  carbon  and  oxygen. 

159.  Why  does  ale  or  porter  froth  more  after  it  has 
been  set  before  the  fire  ? 

A.  Because  the  heat  of  the  fire  expands 
the  carbonic  acid  gas  of  the  liquor,  and  pro- 
duces bubbles  or  froth. 

160*  When  a  boy  makes  a  paper  balloon,  and  sets 
fire  to  the  cotton  or  sponge,  (which  has  been  previously 
steeped  in  spirits  of  wine,)  why  is  the  balloon  inflated  ? 
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A.  Because  the  air  of  the  balloon  is  ex- 
panded by  the  flame. 

L16L  Why  does  the  balloon  rise  after  it  has  been  in- 
ed  by  the  expanded  air  ? 

*  A.  Because  the  same  quantity  of  air  is 
texpanded  to  three  or  four  times  its  original 
volume,  and  made  so  much  lighter  that 
*ven  when  all  the  paper,  wire,  and  cotton 
fere  added,  it  is  still  lighter  than  the  same 
Jralk  of  common  air. 

162.  Why  does  smoke  rush  up  a  chimney  ? 

A.  Because  the  heat  of  the  fire  expands 
air  in  the  chimney;  which,  being  thus 

tade  lighter  than  the  air  around,  rises  up 
Mfe  chimney,  and  carries  the  smoke  in  its 
patent. 

168*  Why  will  a  long  chimney  smoke,  unless  the  fire 
be  petty  fierce? 

1  A.  Because  the  heat  of  the  fire  will  not 
$$  sufficient  to  rarefy  all  the  air  in  the 
Chimney. 

IM*  Why  will  the  chimney  smoke,  unless  the  fire  he 
tfroeg  enough  to  heat  all  the  air  in  the  chimney-flue  ? 

.A.  Because  the  cold  air  (condensed  in  the 
apper  part  of  the  flue)  will  sink  from  its  own 
weight,  and  sweep  the  ascending  smoke  back 
into  the  room. 

1(5*  What  is  the  use  of  a  cowl  upon  a  ehimney-pot  ? 

A.  It  acts  as  a  screen,  to  prevent  the  wind 

from  blowing  into  the  chimney. 

4* 
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166.  What  harm  would  the  wind  do  if  it  were  to 
blow  into  a  chimney  ? 

A.  1st.  It  would  prevent  the  smoke  from 
issuing  out  of  the  top  of  the  chimney ;  and,  .) 

2d.    The   cold    air    (introduced    into  theij 
chimney  by  the  wind)  would  fall  down  the 
flue,  and  drive  the  smoke  with  it  into  the 
room. 

167#  How  are  houses  and  other  buildings  heated  witn$ 
hot  air?  v" 

A.  The  fire  is  kindled  in  a  grate  or  stove  I 
which  is  erected  in  the  cellar.  This  firej 
heats  the  air  in  contact  with  it  in  the  air-j 
chamber,  as  it  is  called,  and,  as  heated  air  j 
always  ascends,  it  is  forced  up  through  pipes 
into  the  different  apartments  of  the  building  ( 

168t  What  is  an  air-chamber  ?  * 

A.  It  is  an.  enclosure  around  the  furnace 
or  stove,  with  openings  below  to  admit  the 
cold  air  from  the  cellar  to  rush  in  to  supply 
the  place  of  the  heated  air  which  ascends 
into  the  rooms  above. 

169t  Why  is  cold  air  introduced  into  the  air- 
chamber  ? 

A.  Because  the  air  in  the  chamber  when 
heated  expands  and  becomes  lighter  than 
the  same  bulk  of  cold  air;  and,  as  this 
heated  air  ascends  through  the  pipes,  the 
-old  air  rushes  in  to  supply  its  place,  and 

somes  heated  in  its  turn. 
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170*  Why  are  the  bricks  and  flagstones  of  pave- 
ments frequently  loosened  after  a  frost  ? 

A.  Because  the  moisture  beneath  them 
expanded  during  the  frost,  and  raised  the 
bricks  and  flagstones  from  their  beds;  but 
afterward  the  moisture  thawed  and  con- 
densed again,  leaving  the  bricks  and  stones 
loose. 

171*  Why  do  doors  swell  in  rainy  weather  ? 

A.  Because  the  air  is  filled  with  vapor, 
which,  penetrating  into  the  pores  of  the 
wood,  forces  its  particles  farther  apart,  and 
swells  the  door. 

172*  Why  do  doors  shrink  in  dry  weather  ? 

A.  Because  the  moisture  is  absorbed  from 
the  wood ;  and,  as  the  particles  are  brought 
closer  together,  the  size  of  the  door  is 
lessened :  in  other  words,  the  wood  shrinks. 

§  II. — EXPANSION   OP   METALS. 

173i  What  metal  is  distinguished  from  all  others  by 
its  fluidity  at  ordinary  temperatures  ? 

A.  Mercury,  or  quicksilver. 

174.  Does  mercury,  like  other  metals,  expand  by  heat? 

A.  It  readily  expands  or  contracts  with 
every  variation  of  temperature. 

Though  fluid  at  all  common  temperatures,  mercury  solidifies  at  409 
klow  zero.  In  the  Polar  regions  thermometers  filled  with  mercury 
Me  °ft«n  useless*    Mercury  when  frozen  is  malleable. 
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175.  For  what  philosophical  instruments  is  merctnft 
generally  used  ? 

A.  Its  regular  expansion  and  contraction 
by  every  increase  or  diminution  of  tempe? 
rature  renders  it  preferable  to  all  othfifj 
liquids  for  filling  the  tubes  of  barometer^ 
and  thermometers.  ■  3 


,j 


176t  Why  does  the  mercury  of  a  thermometer  rise  a  i 
hot  weather  ? 

m 

A.  Because  heat  expands  the  metal,  which  : 
(being  increased  in  bulk)  occupies  a  larger 
space,  and  consequently  rises  higher  in  the 
tube. 

177*  Why  is  a  glass  broken  when  hot  water  is  pourei 
into  it  ? 

A.  Because  the  inside  of  the  glass  is  sud- 
denly expanded  by  the  hot  water  before  the 
outside :  so  the  glass  snaps,  in  consequence 
of  this  unequal  expansion. 

178*  Why  is  not  the  outside  of  the  glass  expanded  bj 
the  hot  water,  as  well  as  the  inside  ? 

A.  Because  glass  is  a  bad  conductor  of  heat, 
and  breaks  before  the  heat  of  the  inner  sur- 
face is  conducted  to  the  outside. 

179t  Why  does  a  glass  snap  because  the  inner  surface 
is  hotter  than  the  outer  ? 

A.  Because  the  inner  surface  is  expanded, 
and  not  the  outer ;  in  consequence  of  which 
an  opposing  force  is  created,  which  breaks 
the  glass. 


r 
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189*  If  a  bar  of  metal  be  accurately  measured  when 
cold,  and  afterward  heated  very  hot,  will  its  dimension; 
fo  found  to  have  increased? 

A.  Yes :  all  metals  expand  by  heat;  and 
!j|bar  of  iron  when  hot  will  measure  more 
^han  when  it  is  cold. 

;':'     181  #  Will  the  iron  contract  in  size  on  cooling,  after  it 
Qm  been  heated  ? 

;    A.  Yes  :  it  will  return  to  its  former  dimen- 
[pms  on  getting  cold. 


m 


!182#  Why  do  most  persons  dip  their  razor  in  hot  water 
ore  shaving  with  it t 

A  Because  the  heat  of  the  water  expands 
^Se9  by  that  means  rendering  it  more 
and  sharp. 

'*'■'■  *MS«  Why  does  a  wheelwright  make  the  tire  red-hot 
ijAMi  he  fixes  on  a  wheel  ? 

:;  A.  1st.  That,  by  its  expansion,  it  may  fit 
to  more  easily;  and, 

r  W.  That  it  may  gird  the  wheel  more  tightly 
|jr  contracting  when  it  cools. 

I84«  Why  does  a  stove  make  a  crackling  noise  when 
lire  is  very  hot? 

, .  A.  Because  it  expands  from  the  heat,  and 
file  particles  of  iron,  in  expanding,  produce  a 
eraekling  noise. 

:-  18&  Why  does  a  stove  make  a  similar  crackling  noise 
f)ften  a  large  fire  is  put  out  ? 

A.  Because  it  contracts  when  the  fire  is 
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removed;  and  the  particles  of  iron,  in  ca& 
tracting,  produce  a  crackling  sound. 

186.  Why  does  the  plaster  around  a  grate  or  ftumtoe 
crack  and  fall  away? 

A.  Because,  when  the  fire  is  lighted,  the 
iron-work  expands  more  than  the  brick-work 
and  plaster,  and  separates  from  them;  but. 
when  the  fire  is  put  out  the  metal  shrink* 
again,  and  leaves  the  "  setting"  behind. 

* 

The  "  setting"  is  a  technical  word  for  the  plaster,  Ac.  in  immediiti 
contact  with  the  grate  or  furnace. 

187t  Why  does  the  plaster  fall  away? 

A.  As  a  chink  is  left  between  the  "  setting 
and  the  grate,  the  plaster  will  frequently  fall 
away  from  its  own  weight. 

188t  What  other  cause  contributes  to  bring  tho  plas- 
ter down  ? 

A.  As  the  heat  of  the  fire  varies,  the  size 
of  the  iron  grate  or  furnace  varies  also ;  and 
this  swelling  and  contracting  keep  up  such  a 
constant  disturbance  about  the  plaster  that  it 
cracks  and  falls  off. 

189,  If  the  boiler  or  kettle  attached  to  a  kitchen-range 
be  filled  with  cold  water  some  time  after  the  fire  has  beep 
lighted,  it  will  be  very  likely  to  crack  or  burst.  Why  is 
this? 

A.  Because  the  heat  of  the  fire  has  caused 
the  metal  of  which  the  boiler  is  composed  to 
expand;  but  the  cold  water  very  suddenly 
contracts  those  parts  with  which  it  comes 
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in  contact,  and,  as  one  part  is  larger  than 
the  other,  the  boiler  cracks  or  bursts. 

190i  When  the  stopper  of  a  decanter  or  smelling- 
bottle  sticks,  why  will  a  cloth  wrung  out  of  hot  water 
and  wrapped  around  the  neck  of  the  bottle  loosen  the 
stopper  ? 

A.  Because  the  hot  cloth  heats  the  neck 
of  the  bottle,  causing  it  to  expand,  and  con- 
sequently loosens  the  stopper. 

191#  Why  does  the  stopper  of  a  decanter  stick  fast  if 
it  be  put  in  damp  ? 

A.  If  the  stopper  be  damp,  it  fits  the  de- 
canter air-tight;  and,  if  the  decanter  was  last 
used  in  a  heated  room,  as  soon  as  the  hot  air 
enclosed  in  the  inside  has  been  condensed  by 
the  cold,  the  weight  of  the  external  air  will 
be  sufficient  to  press  the  stopper  down  and 
make  it  stick  fast. 

192*  Why  does  a  damp  stopper  fit  a  decanter  air- 
tight? 

A.  Because  the  moisture  fills  up  all  the 
inequalities  (that  is,  roughness)  in  the  ground- 
glass  stopper  and  neck  of  the  decanter,  and 
thus  prevents  the  escape  of  the  air. 

193«  Why  does  the  stopper  of  a  smelling-bottle  very 
often  stick  fast  ? 

A.  Because  the  contents  of  a  smelling-bottle 
are  very  volatile,  and  leave  the  neck  of  the 
bottle  and  the  stopper  damp. 
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§  III. — VENTILATION. 

194t  What  is  ventilation? 

A.  The  renewal  of  fresh  air, — a  coi 
change  of  air. 

From  the  Latin  veutilo,  to  blow  or  fan. 

195t  Is  the  air  in  a  room  in  the  same  perpetua 
as  the  air  out-of-doors  ? 

A.  Yes :  there  are  always  two  cum 
air  in  the  room  we  occupy, — one  of  h 
flowing  out  of  the  room,  and  another  ( 
air,  flowing  into  the  room. 

196.  How  do  you  know  that  there  are  these 
rents  of  air  in  every  occupied  room  ? 

A.  If  a  lighted  candle  be  held  ne 
crevice  at  the  top  of  the  door,  the  flan 
be  blown  outward,  (toward  the  hall ;) 
the  candle  be  held  at  the  bottom  of  th 
the  flame  will  be  blown  inward,  (in 
room.) 

This  is  not  the  case  if  a  fire  be  in  an  open  fireplace  in 
When  a  fire  is  lighted,  an  inward  current  is  drawn  throu; 
crevices. 

197t  Why  would  the  flame  be  blown  outward 
the  hall)  if  a  candle  were  held  at  the  top  of  the 

A.  Because  the  air  of  the  room,  being 
and  consequently  rarefied,  ascends;  and 
ing  about  the  upper  part  of  the  room)  s< 
it  escapes  through  the  crevice  at  the 
the  door,  producing  a  current  of  air  ou 
(into  the  hall.) 
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Why  would  the  flame  be  blown  inward  (into  the 
room)  if  the  candle  were  held  at  the  bottom  of  the  door  ? 

A.  Because  a  partial  vacuum  is  made  at 
the  bottom  of  the  room  as  soon  as  the  warm 
air  of  the  room  has  ascended  to  the  ceiling  or 
made  its  escape  from  the  room,  and  cold  air 
irom  the  hall  rushes  under  the  door  to  supply, 
the  void. 

199»  What  is  meant  by  a  "  partial  vacuum  being  made 
at  the  bottom  of  the  room"  ? 

A.  A  vacuum  means  a  place  from  which  the 
air  has  been  taken;  and  a  "partial  vacuum" 
means  a  place  from  which  a  part  of  the  air 
has  been  taken.  Thus,  when  the  air  near 
the  floor  ascends  to  the  ceiling,  a  partial 
vacuum  is  made  near  the  floor. 

200*  How  is  the  vacuum  filled  up  again  ? 

•  A.  It  is  filled  up  by  colder  air,  which  rushes 
(under  the  door  and  through  the  window-cre- 
vices) into  the  room. 

29 It  Give  an  illustration. 

A.  If  a  pail  be  dipped  into  a  pond  and  filled 
with  water,  a  hole  (or  vacuum)  is  made  in  the 
pond  as  large  as  the  pail ;  but  the  moment  the 
pail  is  drawn  out,  the  vacuum  is  filled  up  by 
the  water  around. 

MSt  Show  how  this  illustration  applies. 

A.  The  heated  air  which  ascends  from  the 
bottom  of  a  room  is  removed  like  the  water 
in  the  pail;  and,  as  the  void  was  instantly 
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supplied  by  other  water  in  the  pond,  so  the 
void  of  air  is  supplied  by  the  air  around. 

203*  Why  is  a  room  (even  without  a  fire)  generally 
warmer  than  the  open  air  ? 

A.  Because  the  air  in  a  room  is  not  subject 
to  much  change,  and  soon  becomes  of  the  same 
temperature  as  our  skin,  when  it  no  longer 
feels  cold. 

204*  Why  do  we  generally  feel  colder  out-of-doors  than 
in-doors  ? 

A.  Because  the  air  which  surrounds  us  out- 
of-doors  is  always  changing;  and,  as  fast  as 
one  portion  of  air  has  become  warmer  by  con- 
tact with  our  body,  another  colder  portion 
surrounds  us,  to  absorb  more  heat. 

205*  Why  is  there  a  strong  draught  through  the  key- 
hole of  a  door  ?  * 

A.  Because  the  air  in  the  room  we  occupy 
is  warmer  than  the  air  out>of-doors :  there- 
fore the  air  from  ou1>of-doors  rushes  through 
the  keyhole  into  the  room,  and  causes  a 
draught. 

2©6t  Why  is  there  a  strong  draught  under  the  doot 
and  through  the  crevice  on  each  side  ? 

A.  Because  cold  air  rushes  from  the  hall 
to  supply  the  void  in  the  room  caused  by  the 
escape  of  warm  air  up  the  chimney  and 
through  the  crevices  in  the  upper  parts  of 
the  doors. 

207t  If  you  open  the  lower  sash  of  a  window,  there  w» 
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more  draught  than  if  you  open  the  upper  sash  :  explain 
the  reason  of  this. 

A.  If  the  lower  sash  be  open,  cold  external 
air  will  rush  freely  into  the  room,  and  cause 
a  great  draught  inward ;  but,  if  the  upper 
sash  be  open,  the  heated  air  of  the  room  will 
rush  out,  and  of  course  there  will  be  less 
draught  inward. 

208*  By  which  means  is  a  room  better  ventilated, — 
by  opening  the  upper  or  the  lower  sash  ? 

A.  A  room  is  better  ventilated  by  opening 
the  upper  sash,  because  the  hot,  vitiated  air 
(which  always  ascends  toward  the  ceiling) 
can  escape  more  easily. 


It  By  which  means  is  a  hot  room  more  quickly 
cooled, — by  opening  the  upper  or  the  lower  sash  ? 

A.  A  hot  room  is  cooled  more  quickly  by 
opening  the  lower  sash,  because  the  cold  air 
can  enter  more  freely  at  the  lower  part  of  the 
room  than  at  the  upper. 

21©»  Which  is  the  hottest  place  in  a  church  or 
theatre  J  _*- 

A*  The  gallery:  *- 

21  It  Why  is  the  gallery  of  all  public  buildings  hotter 
than  the  lower  parts '/ 

A.  Because  the  heated  air  of  the  building 
ascends,  and  all  the  cold  air  (which  can  enter 
through  the  doors  and  windows)  keeps  near 
tbe  floor  till  it  has  become  heated. 
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212*  How  are  mines  ventilated? 

A.  The  mine  is  furnished  with  two  shafts 
or  flues.  These  flues  are  so  arranged  that 
air  forced  down  one  shall  traverse  the  whole 
extent  of  the  mine  before  it  escapes  by  the 
other.  By  keeping  up  a  fire  in  one  of  these 
shafts,  the  air  is  rarefied  or  expanded  within, 
causing  an  ascending  current,  carrying  with 
it  all  the  noxious  gases  and  rendering  the  air 
pure. 

213.  What  effect  is  produced  upon  air  by  rarefaction? 

A.  It  is  made  lighter  and  ascends  through 
colder  strata,  as  a  cork  put  at  the  bottom  of 
a  basin  of  water  rises  to  the  surface. 

214.  Why  should  stoves  be  fixed  as  near  the  floor  of 
a  room  as  possible  ? 

A.  In  order  that  the  air  in  the  -lower  part 
of  the  room  may  be  heated  by  the  fire. 

215*  Would  not  the  air  in  the  lower  part  of  a  room 
be  heated  equally  well  if  the  stove  were  more  elevated  ? 

A.  No :  the  heat  of  a  fire  has  very  little 
effect  upon  the  air  b^low  the  level  of  the 
grate;  and  therefore ..evesy  grate  shoujd  be 
as  near  the  floor  as  possible. 

216*  Our  feet  are  very  frequently  cold  when  we  sit 
close  by  a  good  fire :  explain  the  reason  of  this. 

A.  As  the  fire  consumes  the  airwhich  passes 
over  it,  cold  air  rushes  through  the  crevices 
of  the  doors  and  windows,  along  the  floor  of 
the  room,  to  supply  the  deficiency ;  and  these 
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I    currents  of  cold  air,  rushing  constantly  over 
I    our  feet,  deprive  them  of  their  warmth. 

21 7#  What  is  smoke? 

A.  Small  particles  of  carbon  separated  by 
combustion  from  the  fuel,  but  not  consumed. 

218*  Why  do  Bmoke  and  steam  curl  as  they  ascend  ? 

A.  Because  they  are  forced  round  and  round 
by  the  ascending  and  descending  currents  of 
air. 

219*  Why  do  some  chimneys  smoke  ? 

A.  Because  fresh  air  is  not  admitted  into 
a  room  as  fast  as  it  is  consumed  by  the  fire ; 
in  consequence  of  which  a  current  of  air  rushes 
down  the  chimney  to  supply  the  deficiency, 
driving  the  smoke  along  with  it. 

220»  Why  cannot  air  he  supplied  as  fast  as  it  is  con- 
sumed by  the  fire  ? 

A.  Curtains  around  the  windows,  sand-bags 
at  the  thresholds  of  the  doors,  and  all  such 
contrivances,  keep  out  the  draught. 

221*  Why  will  the  air  come  down  the  chimney? 

A.  Because  it  can  get  into  the  room  in  no 
other  way,  if  the  doors  and  windows  are  all 
made  air-tight. 

222#  What  is  the  best  remedy  in  such  a  case  ? 

A.  The  speediest  remedy  is  to  open  the 
door  or  window;  but  by  far  the  best  remedy 
is  to  carry  a  small  tube  from  the  hearth  into 
*he  external  air. 

5* 
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S23#  Why  is  that  the  best  remedy  ? 

A.  Because  the  fire  will  be  plentifully  sup- 
plied with  air  by  the  tube  :  the  doors  and 
windows  may  all  remain  air-tight,  and  we 
may  enjoy  a  warm  fireside  without  the  in- 
convenience of  draughts  of  air  and  cold  feet 

224.  Why  is  a  chimney  raised  so  high  above  the 
roof? 

A.  That  it  may  not  smoke,  as  all  flues  dc 
which  are  too  short. 

225#  What  is  meant  by  the  flue  of  a  chimney  ? 

A.  That  part  of  a  chimney  through  which 
the  smoke  passes. 

226#  Why  does  a  chimney  smoke  if  the  flue  be  verj 
short  ? 

A.  Because  the  draught  of  a  short  flue  is 
too  slack  to  carry  the  smoke  up  the  chimney, 

227*  Why  is  the  draught  of  a  short  flue  more  slaci 
than  that  of  a  long  one  ? 

A.  Because  the  air  contained  in  a  shorl 
flue  does  not  become  sufficiently  rarefied  tc 
cause  a  strong  draught. 

228#  Why  is  the  fire  always  dull  and  sluggish  if  the 
chimney-flue  be  very  short  ? 

A.  Because  the  draught  is  bad;  and,  as  the 
rarefied  air  passes  very  tardily  up  the  chim- 
ney, fresh  air  flows  as  tardily  toward  the  fire 
to  supply  it  with  oxygen. 

229»  Why  does  not  smoke  acquire  its  full  velocity  ir 
a  short  flue  ? 
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A.  Because  the  higher  smoke  ascends,  pro- 
vided the  fire  be  clear  and  hot  and  the  flue 
unobstructed,  the  faster  it  moves :  if,  there- 
fore, a  flue  be  very  short,  the  smoke  never 
acquires  its  full  velocity. 

230.  Does  the  draught  of  a  chimney  depend  on  the 
speed  of  the  smoke  through  the  flue  ? 

A.  Yes  :  the  more  quickly  hot  air  flies  up 
the  chimney,  the  more  quickly  cold  air  will 
rush  toward  the  fire  to  supply  the  place ;  and, 
therefore,  the  higher  the  flue  the  greater  the 

draught. 

231*  Why  are  the  chimneys  of  manufactories  made 
to  very  high : 

A.  To  increase  the  intensity  of  the  fire. 

232*  Why  is  the  intensity  of  a  fire  increased  by  length- 
ening the  flue  ? 

A.  Because,  the  draught  being  greater,  more 
fuel  is  consumed  in  the  same  time,  and,  of 
course,  the  intensity  of  the  heat  is  propor- 
tionally greater. 

283.  If  a  short  chimney  cannot  be  lengthened,  what 
18  the  best  way  to  prevent  smoking  ? 

A.  To  contract  the  opening  of  the  chimney 
contiguous  to  the  fire. 

2S4#  Why  will  a  smaller  opening  in  that  part  of  the 
chimney  near  the  fire  prevent  smoking  ? 

A.  Because  the  air  will  be  compelled  to 
pass  nearer  the  fire,  and,  being  more  heated, 
will  rise  through  the  chimney  more  rapidly* 


*> 
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this  increase  of  heat  will,  therefore,  compen 
sate  for  the  shortness  of  the  flue. 

235*  Why  will  a  room  be  full  of  smoke  if  there  bo 
two  fires  in  it  ? 

A.  Because  the  fiercer  fire  will  exhaust  the 
most  air,  and  draw  from  the  smaller  one  to 
supply  its  demand. 

236«  Why  will  a  chimney  smoke  if  there  be  a  fire  in 
two  rooms  communicating  with  each  other? 

A.  Because,  whenever  the  door  between 
the  two  rooms  is  opened,  air  will  rush  from 
the  chimney  of  the  inferior  fire  to  supply  the 
other,  and  both  rooms  will  be  filled  with 
smoke. 

237«  What  is  the  best  remedy  in  this  case  ? 

A.  Let  a  tube  be  carried  from  the  hearth 
of  each  fire  into  the  external  air ;  and  then 
each  fire  will  be  so  well  supplied  that  neither 
will  need  to  borrow  from  the  other. 

238»  Why  does  a  house  in  a  valley  very  often  smoke  ? 

A.  Because  the  wind,  striking  against  the 
surrounding  hills,  bounds  back  again  upon 
the  chimney,  and  destroys  its  draught. 

239 •  What  is  the  common  remedy  in  this  case  ? 

A.  To  fix  a  cowl  on  the  chimney-top, 
which  will  turn  like  a  weathercock  and  pre- 
sent its  back  to  the  wind. 

240«  Why  will  not  a  cowl  always  prevent  a  chimney 
•mokiu";  ? 

A.  Because,  if  the  wind  be  strong,  and 
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[  there  were  a  steeple  or  hill  near  the  chim- 
(  ney,  it  would  keep  the  opening  of  the  cowl 
i      toward  the  hill;  and  then  the  reflected  wind 

would   blow  into   the  cowl   and   down  the 

chimney. 

.  241*  As  a  cowl  is  not  a  perfect  remedy,  can  any  other 

be  suggested  ? 

A.  Yes:    if  the   chimney-flue   be   carried 
higher  than  the  hill,  no  wind  can  "enter  the 

flue. 

242*  If  a  chimney-flue  be  carried  higher  than  the 
lull,  why  cannot  the  wind  enter  it? 

A.  Because  the  reflected  wind  would  strike 
against  the  sides  of  the  chimney-flue,  and  not 
pass  over  the  opening  at  all. 

243*  In  what  other  cases  will  a  chimney  smoke  ? 

A.  If  the  door  and  fireplace  be  both  on 
the  same  side  of  the  room,  the  chimney  will 
very  often  smoke. 

244>   Why  will  a  chimney  smoke  if  the  door  and  fire- 
.    place  he  both  on  the  same  side  ? 

A.  Because,  whenever  the  door  is  opened, 
a  current  of  air  will  blow  obliquely  into  the 
chimney-place,  and  drive  the  smoke  into  the 
room. 

245t  What  remedy  can  be  applied  to  this  evil  ? 

A.  The  door  must  be  set  opposite  to  the 
chimney-place,  or  nearly  so;  and  then  the 
draught  from  the  door  will  blow  the  smoke 
up  the  chimney,  and  not  into  the  room. 
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246*  Why  will  a  chimney  smoke  if  it  need  sweeping \ 

A.  Because  loose  soot  obstructs  the  free 
passage  of  the  smoke,  delays  its  current,  and 
prevents  the  draught. 

247«  Why  will  a  chimney  smoke  if  it  be  out  of 
repair  ? 

A.  1st.  Because  the  loose  mortar  and  bricks 
obstruct  the  smoke ;  and, 

2d.  Cold  air,  oozing  through  the  chinks, 
chills  the  air  in  the  chimney  and  prevents 
its  ascent. 

248*  Why  does  an  old-fashioned  farm-house  chimney 
often  smoke  ? 

A.  Because  the  opening  of  the  chimney- 
place  is  so  very  large  that  much  of  the  air 
which  goes  up  the  chimney  has  never  passed 
near  enough  to  the  fire  to  become  heated ;  and 
this  cold  air  (mixing  with  the  hot)  so  reduces 
the  temperature  of  the  air  in  the  chimney 
that  it  ascends  very  slowly,  and  the  draught 
is  destroyed. 

249*  Why  does  a  chimney  smoke  if  the  draught  be 
slack  ? 

A.  Because  the  current  of  air  up  the  chim- 
ney is  not  powerful  enough  to  buoy  up  the 
smoke  through  the  flue. 

* 

250*  Why  do  almost  all  chimneys  smoke  in  gusty 
weather  ? 

A.  Because  the  column  of  smoke  is  suddenly 
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chilled  by  the  wind,  and,  being  unable  to  as- 
cend, rushes  back  into  the  room. 

251*  What  is  the  use  of  a  chimney-pot  ? 

A.  It  serves  to  increase  the  draught  when 
the  opening  of  a  chimney  is  too  large. 

252*  How  does  a  chimney-pot  increase  the  draught  of 
a  chimney  ? 

A.  As  the  same  quantity  of  hot  air  has  to 
%  escape  through  a  smaller  opening,  it  must  pass 
through  more  quickly. 

253*  Why  do  blowers,  when  placed  before  a  grate, 
tend  to  kindle  the  fire? 

A.  Because  the  air  (by  passing  through  the 
fire)  is  made  much  hotter,  and  ascends  the 
chimney  more  rapidly. 

•     254*  Why  is  a  fire  better  supplied  with  oxygen  while 
tie  blower  is  before  it  ? 

A.  Because  the  blower  increases  the  d  raught ; 
and  the  faster  the  hot  air  flies  up  the  chimney, 
the  faster  will  cold  air  rush  toward  the  fire  to 
supply  it  with  oxygen. 

255.  Why  does  a  parlor  often  smell  disagreeably  of  soot 
in  summer-time  ? 

A.  Because  the  air  in  the  chimney  (being 
colder  than  the  air  in  the  parlor)  descends 
from  the  chimney  into  the  room,  impregnated 
with  the  disagreeable  smell  of  the  soot. 

256*  Why  does  smoke  sometimes  descend  before  it 
rains? 

A.  Because  the  air  is  less  dense,  and  can- 
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not  buoy  up  the  air :    in  other  words,  the 
damp  air  is  lighter  than  the  smoke. 

257.  Why  does  a  downward  current  of  cold  air  bring 
rain  ? 

A.  Because  it  condenses  the  warm  vapor, 
which  then  descends  in  the  form  of  rain. 

258.  Why  does  a  poker  laid  across  a  dull  fire  revive 
it? 

A.  For  two  reasons :  1st.  Because  the  poker 
concentrates  the  heat,  and  therefore  increases 
it;  and, 

2d.  Air  is  arrested  in  the  narrow  aperture 
between  the  poker  and  the  coals,  and  a  draught 
created. 

259.  Why  are  fires  placed  on  the  floor  of  a  room,  and 
not  toward  the  ceiling  ? 

A.  Because  heated  air  always  ascends :  if, 
therefore,  the  fire  were  not  near  the  floor,  the 
air  of  the  lower  part  of  the  room  would  never 
be  heated  by  the  fire. 

260 1  If  you  take  a  poker  out  of  the  fire  and  hold  the 
hot  end  downward,  why  is  the  handle  intensely  hot? 

A.  Because  the  hot  end  of  the  poker  heats 
the  air  around  it,  and  this  hot  air  in  its  as- 
cent heats  the  poker  and  the  hand  which 
holds  it. 

261*  How  should  a  red-hot  poker  be  carried  so  as  not 
to  burn  the  fingers  ? 

A.  With  the  hot  end  upward;  for  then  the 
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air  heated  by  the  poker  would  not  pass  over 
the  hand  and  scorch  it. 

section  iL-coirouonou  of  heat. 

262*  What  is  meant  by  conduction  of  heat  ? 

A.  The  passage  of  heat  from  one  body 
or  particle  of  a  body  to  another  by  actual 
contact. 

§  I. — CONDUCTORS   OP   HEAT. 

2(3*  Why  do  some  things  feel  colder  than  others  ? 

A.  Principally  because  they  are  better  con- 
ductors, and  draw  off  heat  from  the  body  much 
faster. 

264*  What  are  the  best  conductors  of  heat  ? 

A.  Dense,  solid  bodies,  such  as  metal  and 
stone. 

.  265t  Which  metals  are  the  most  rapid  conductors  of 
heat? 

A.  The  best  conductors  of  heat  are  silver, 
gold,  copper,  and  iron.  Lead  is  not  so  good  a 
conductor  of  heat  as  the  other  metals. 

266*  Which  is  the  better  conductor  of  heat, — copper 
or  glass? 

A.  Copper.  If  the  extremities  of  a  rod  of 
copper  and  one  of  glass  be  placed  in  the  fire, 
and  the  other  ends  be  held  in  the  hand,  the 
heat  will  be  found  to  ascend  rapidly  through 
the  copper  wire,  while  the  end  of  the  glass 
rod  will  be  comparatively  cool. 

6 
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26  7«  What  are  the  worst  conductors  of  heat  ? 

A.  All  light  and  porous  bodies,  such  as 
hair,  fur,  wool,  charcoal,  and  so  on. 

Two  of  the  worst  conductors  known  are  hare's  far  and  eider-down : 
the  two  next  worst  are  beaver's  fur  and  raw  silk ;  then  wood  and 
lamp-black;  then  cotton  and  fine  lint;  then  charcoal,  wood-ashes,  Ac. 

268t  Why  does  a  piece  of  wood  blazing  at  one  end 
not  feel  hot  at  the  other  ? 

A.  Because  wood  is  so  bad  a  conductor 
that  heat  does  not  traverse  freely  through  it: 
hence,  though  one  end  of  a  stick  be  blazing, 
the  other  end  may  be  quite  cold. 

269*  Why  does  hot  metal  feel  more  intensely  warm 
than  hot  wool  ? 

A.  Because  metal  gives  out  a  much  greater 
quantity  of  heat  in  the  same  space  of  time, 
and  the  influx  of  heat  is,  consequently,  more 
perceptible. 

270*  Why  does  money  in  our  pocket  feel  very  hot 
when  we  stand  before  a  fire? 

A.  Because  metal  is  an  excellent  conductor, 
and  rapidly  becomes  heated.  For  the  same 
reason,  it  rapidly  becomes  cold  whenever  it 
comes  in  contact  with  a  body  colder  than 
itself. 

271  •  Why  does  a  poker,  resting  on  a  fender,  feel  colder 
than  the  hearth-rug,  which  is  farther  off  the  fire  ? 

A.  Because  the  poker  is  an  excellent  con- 

ctor,  and  draws  heat  from  the  hand  much 

re  rapidly  than  the  woollen  hearth-rug, 

ch  is  a  very  bad  conductor.  Though  both, 
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therefore,  are  equally  warm,  the  poker  seems 
to  be  the  colder. 

272*  Why  does  an  iron  pump-handle  feel  intensely 
cold  in  winter  ? 

A.  Because  it  is  an  excellent  conductor,  and 
draws  off  the  heat  of  our  hand  so  rapidly  that 
the  sudden  loss  produces  a  sensation  of  intense 
coldness. 

273*  Is  the  iron  handle  of  the  pump  really  colder  than 
the  wooden  pump  itself? 

A.  No :  every  inanimate  substance  exposed 
to  the  same  temperature  possesses  in  reality 
the  same  degree  of  heat. 

274*  Why  does  the  iron  handle  seem  so  much  colder 
than  the  wooden  pump  ? 

A.  Merely  because  the  iron  is  a  better  con- 
ductor, and  therefore  draws  off  the  heat  from 
our  hand  more  rapidly  than  wood  does. 

275«  Why  does  a  stone  or  marble  hearth  feel  colder 
to  the  feet  than  a  carpet  or  hearth-rug  ? 

A.  Because  stone  and  marble  are  good  con- 
ductors, but  woollen  carpets  and  hearth-rugs 
are  very  bad  conductors. 

278«  How  does  the  stone  hearth  make  our  feet  cold  ? 

A.  As  soon  as  the  hearth-stone  has  absorbed 
a  portion  of  heat  from  our  foot,  it  instantly 
disposes  of  it  and  calls  for  a  fresh  supply,  till 
the  hearth-stone  has  become  of  the  same  tem- 
perature as  the  foot  placed  upon  it. 
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277*  Bo  not  also  the  woollen  carpet  and  hearth-rug 
conduct  heat  from  the  human  body? 

A.  Yes ;  but,  being  very  bad  conductors, 
they  convey  the  heat  away  so  slowly  that 
the  loss  is  scarcely  perceptible. 

278*  Is  the  cold  hearth-stone  in  reality  of  the  same 
temperature  as  the  warm  carpet  ? 

A.  Yes :  every  thing  in  the  room  is  really 
of  one  temperature,  but  some  things  feel 
colder  than  others,  because  they  are  better 
conductors. 

279*  How  long  will  the  hearth-stone  feel  cold  to  the 
feet  resting  on  it  ? 

A.  Till  the  feet  and  the  hearth-stone  are 
of  the  same  temperature ;  and  then  the  sen- 
sation of  cold  in  the  hearth-stone  will  subside. 

280*  Why  would  not  the  hearth-stone  feel  cold  when 
it  is  of  the  same  temperature  as  our  feet  ? 

A.  Because  the  heat  would  no  longer  rush 
out  of  our  feet  into  the  hearth-stone,  in  order 
to  produce  equilibrium. 

281*  Why  does  the  hearth-stone  (when  the  fire  is 
lighted)  feel  hotter  than  the  hearth-rug  ? 

A.  Because  the  hearth-stone  is  an  excellent 
conductor,  and  parts  with  its  heat  very  readily; 
but  the  woollen  hearth-rug  (being  a  bad  con- 
ductor) parts  with  its  heat  very  slowly. 

282*  Why  does  parting  with  heat  rapidly  make  the 
hearth-stone  feel  warm  ? 

A.  Because  the  rapid  influx  of  heat  raises 
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the  temperature  of  our  body  so  suddenly  that 
we  cannot  help  perceiving  the  increase. 

283*  Why  does  the  non-conducting  power  of  the 
hearth-rug  prevent  its  feeling  so  hot  as  it  really  is  ? 

A.  Because  it  parts  with  its  heat  so  slowly 
and  gradually  that  we  scarcely  perceive  its 
transmission  into  our  feet. 

284*  Why  are  cooking-vessels  often  furnished  with 
wooden  handles  ? 

A.  Because  wood  is  not  a  good  conductor, 
like  metal;  and  therefore  wooden  handles 
prevent  the  heat  of  the  vessel  from  rushing 
into  our  hands  to  burn  them. 

285.  Why  is  the  handle  of  a  metal  teapot  made  of 
■  wood? 

*A.  Because  wood  is  a  bad  conductor: 
therefore  the  heat  of  the  boiling  water  is 
not  so  quickly  conveyed  to  our  hand  by  a 
wooden  handle  as  by  one  made  of  metal. 

286.  Why  would  a  metal  handle  burn  the  hand  of  the 
ie>maker  ? 

A.  Because  metal  is  an  excellent  conduc- 
tor: therefore  the  heat  of  boiling  water 
would  rush  so  quickly  into  the  metal  handle 
that  it  would  burn  the  hand. 

J87«  Prove  that  a  metal  handle  would  be  hotter  than 
a  wooden  one. 

A.  If  we  touch  that  portion  of  the  metal 
into  which  the  wooden  handle  is  fixed,  we 

6* 
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shall  find  that  the  wooden  handle  feels  cold, 
but  the  metal  intensely  hot. 

288 •  When  we  plunge  our  hands  into  a  basin  of  water, 
why  does  it  produce  a  sensation  of  cold  ? 

A.  Because  water  is  a  better  conductor 
than  air,  and,  as  it  draws  off  the  heat  from 
our  hands  more  rapidly,  it  feels  colder. 

289»  Why  does  the  conducting  power  of  water  make 
it  feel  colder  than  air  ? 

A.  Because  it  abstracts  heat  from  our  hands 
so  rapidly  that  we  feel  its  loss ;  but  the  air 
abstracts  heat  so  very  slowly  that  its  gradual 
loss  is  hardly  perceptible. 

290»  Is  water  a  good  conductor  of  heat  ? 

A.  No :  no  liquid  is  a  good  conductor  of 
heat ;  but  water  is  a  much  better  conductor 
than  air.  ~ 

29 1«  Why  is  water  a  better  conductor  of  heat  than 
air? 

A.  Because  it  is  more  dense  than  air;  and 
the  conducting  power  of  any  substance  de- 
pends upon  its  solidity,  or  the  closeness  of 
its  particles. 

292«  How  do  you  know  that  water  is  not  a  good  con- 
ductor of  heat  ? 

A.  Because  it  may  be  made  to  boil  at  its 
surface,  without  imparting  sufficient  heat  to 
melt  ice  a  quarter  of  an  inch  below  the 
lrface. 

293*  Why  are  not  liquids  good  conductors  of  heat  ? 
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A.    Because   the  heat  which   should   be 
transmitted  produces  evaporation,  and  flies 
~  in  the  vapor. 


294*  Why  are  hot  bricks  wrapped  in  cloth  employed 
in  cold  weather  to  keep  the  feet  wariu  ? 

A.  Because  bricks  are  bad  conductors  of 
heat,  and  cloth  or  flannel  still  worse;  in 
consequence  of  which,  a  hot  brick  wrapped 
in  flannel  will  retain  its  heat  a  very  long 
time. 

295.  How  is  a  room  warmed  by  a  stove  ? 

A.  The  air  nearest  the  fire  is  made  hot 
first,  and  rises;  cold  air  then  descends,  is 
heated,  and  ascends  in  like  manner;  and  this 
interchange  goes  on  till  all  the  air  of  the 
room  is  warmed. 

2Mt  If  air  be  a  bad  conductor  of  heat,  why  should 
we  not  feel  as  warm  without  clothing  as  when  we  are 
Wrapped  in  wool  and  fur  ? 

A.  Because  the  air  (which  is  cooler  than 
our  body)  is  never  at  rest ;  and  every  fresh 
particle  of  air  draws  off  a  fresh  portion  of 
beat. 

2>7»  Why  are  woollens  and  furs  used  for  clothing  in 
cold  weather  ? 

A.  Because  they  are  very  bad  conductors 
of  heat,  and  therefore  prevent  the  warmth 
of  Hie  body  from  being  drawn  off  by  the  cold 
air. 
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298t  Do  not  woollens  and  furs  actually  imparl  heat 
to  the  body  ? 

A.  No :  they  merely  prevent  the  heat  of 
the  body  from  escaping. 

299*  Where  would  the  heat  escape  to  if  the  body 
were  not  wrapped  in  wool  or  fur? 

A.  The  heat  of  the  body  would  fly  off  into 
the  air ;  for  the  cold  air  (coming  in  contact 
with  the  body)  would  gradually  draw  away 
its  heat  till  it  was  as  cold  as  the  air  itself. 

300*  What,  then,  is  the  principal  use  of  clothing  in 
winter-time  ? 

A.  1st.  To  prevent  the  animal  heat  from 
escaping  too  freely;  and, 

2d.  To  protect  the  body  from  the  external 
air,  (or  wind,)  which  would  carry  away  its 
heat  too  rapidly. 

30 1»  Why  are  beasts  covered  with  fur,  hair,  or  wool, 
and  birds  with  feathers? 

A.  Because  fur,  hair,  wool,  and  feathers 
are  very  slow  conductors  of  heat;  and,  as 
dumb  animals  cannot  be  clad  like  human 
beings,  God  has  given  them  a  robe  of  hair  or 
wool  to  keep  them  warm. 

302*  Why  are  wool,  fur,  hair,  and  feathers  such  slow 
conductors  of  heat  ? 

A.  Because  a  great  quantity  of  air  lurks 
Htween  the  fibres;  and  air  is  a  very  bad  con- 
ztor  of  heat. 
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S03«  Why  is  moderately  loose  clothing  warmer  than 
that  which  fits  tightly? 

A.  Because  air  is  a  bad  conductor;  and  the 
quantity  of  air  confined  between  our  bodies 
and  clothing  prevents — 

1st.  The  heat  of  our  bodies  from  escaping; 
and, 

2d.  The  external  air  from  coming  into  con- 
tact with  our  bodies. 

But  if  our  clothing  is  sufficiently  loose  to 
admit  of  a  free  circulation  of  air,  we  shall 
feel  cold ;  and,  on  the  contrary,  if  it  fits  very 
tightly,  it  impedes  the  free  circulation  of  the 
Mood,  and  we  feel  cold. 

304*  Does  not  the  had  conducting  power  of  air  enahle 
persons  to  judge  whether  an  egg  be  new  or  stale? 

A.  Yes.  Touch  the  larger  end  of  the  shell 
with  your  tongue  :  if  it  feels  warm,  the  egg 
is  stale ;  if  not,  it  is  new-laid. 

S05«  Why  will  the  shell  of  a  stale  egg  feel  warm  to 
the  tongue  ? 

A.  Because  the  thick  end  of  an  egg  con- 
fains  a  small  quantity  of  air  between  the 
shell  and  the  white :  when  the  egg  is  stale, 
the  white  shrinks,  and  the  confined  air  ac- 
cordingly expands,  breaks  the  membrane 
which  surrounds  the  contents  of  the  egg, 
and  permits  them  to  come  in  contact  with 
the  shell. 


It  Why  do  we  feel  colder  in  windy  weather  than 
•i  a  calm  day? 
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A.  Because  the  particles  of  air  pass  ovei 
us  more  rapidly,  and  every  fresh  particle 
takes  from  us  some  portion  of  heat 

307#  Why  do  the  inhabitants  of  the  Polar  regions 
wear  skins  with  the  fur  inward  ? 

A.  Because  the  dry  skin  prevents  the  wind 
from  penetrating  to  their  body,  and  the  air 
between  the  hairs  of  the  fur  soon  becomes 
heated  by  the  body;  in  consequence  of  which 
the  Laplander  in  his  fur  is  clad  in  a  case  of 
hot  air,  impervious  to  the  cold  and  wind. 

308«  Show  the  wisdom  of  God  in  making  the  air  a 
bad  conductor. 

A.  If  air  were  a  good  conductor,  (like  iron 
and  stone,)  heat  would  be  drawn  so  rapidly 
from  our  body  that  we  should  be  chilled  to 
death.  Similar  evils  would  be  felt  by  all  the 
animal  and  vegetable  world. 


'C 


309«  Why  are  rooms  much  warmer  for  being  furnished 
with  double  doors  and  windows  ? 

A.  Because  air  is  a  bad  conductor;  and  the 
air  confined  between  the  double  doors  and 
windows  opposes  both  the  escape  of  warm 
air  out  of  the  room  and  of  cold  air  into  the 
room. 

^^■'fc^il©*  Why  is  a  room  warmer  when  the  window-curtains 
^  drawn  or  the  shutters  shut  ? 

■  A..  Because  air  is  a  bad  conductor;  and  the 

confined  between  the  curtains  or  shutters 

i  the  window  opposes  both  the  escape  of 
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I  warm  air  out  of  the  room  and  of  cold  air  into 

fit 

|      111*  Why  does  a  linen  shirt  feel  colder  than  a  cotton 

[  one? 

I     A.  Because  linen  is  a  much  better  con- 
\  ductor  than  cotton,  and  therefore  (as  soon  as 
it  touches  the  body)  it  draws  away  the  heat 
more  rapidly,  and  produces  a  greater  sensa- 
tion of  cold. 

31 2.  Why  is  the  face  cooled  by  wiping  the  temples 
with  a  fine  linen  handkerchief  ? 

A.  Because  the  fine  fibres  of  the  linen  have 
a  strong  capillary  attraction  for  moisture,  and 
Are  excellent  conductors  of  heat;  in  conse- 
quence of  which,  the  moisture  and  heat  are 
abstracted  from  the  face  by  the  linen,  and  a 
sensation  of  coolness  is  produced. 

"Capillary  attraction,"  i.e.  the  attraction  of  a  thread  or  hair.  Tho 
vkk  of  a  candle  is  wet  with  grease,  because  the  melted  tallow  runs 
■p  the  cotton  from  capillary  attraction. 

S13#  Why  would  not  a  cotton  handkerchief  do  as 

teB? 

A.  Because  the  coarse  fibres  of  cotton  have 
rery  little  capillary  attraction  and  are  very 
bad  conductors;  in  consequence  of  which, 
the  heat  of  the  face  would  be  increased, 
rather  than  diminished,  by  the  use  of  a  cot- 
ton handkerchief. 

314*  Is  the  earth  a  good  conductor  of  heat  ? 

A.  No  :  the  earth  is  a  very  bad  conductor 
rf  heat. 


VJL  chemical  actiox. 

315.  Why  is  the  earth  a  bad  conductor  of  heat  ? 

A.  Because  its  particles  are  not  continuous; 
and  the  power  of  conducting  heat  depends 
upon  the  continuity  of  matter. 

316*  Why  is  the  earth  below  the  surface  warmer  in 
winter  than  the  surface  itself? 

A.  Because  the  earth  is  a  bad  conductor  of 
heat ;  and  therefore,  although  the  ground  be 
frozen,  the  frost  never  penetrates,  in  our  lati- 
tude, more  than  a  few  inches  below  the  sur- 
face. 

In  high  latitudes,  the  earth  is  frozen  to  the  depth  of  several  feet 

317*  Why  is  the  earth  below  the  surface  cooler  in 
summer  than  the  surface  itself? 

A.  Because  the  earth  is  a  bad  conductor  of 
heat ;  and  therefore,  although  the  surface  be 
scorched  by  the  burning  sun,  the  intense 
heat  cannot  penetrate  to  the  roots  of  large 
plants  and  trees. 

318#  Show  the  wisdom  of  God  in  making  the  earth  a 
bad  conductor. 

A.  If  the  heat  and  cold  could  penetrate 
the  earth  as  freely  as  the  heat  of  a  fire  pene- 
trates iron,  the  springs  would  be  dried  up  in 
summer  and  frozen  in  winter,  and  all  vege- 
tation would  perish. 

319.  Why  does  the  Bible  say  that  God  "giveth  snow 
like  wool" ? 

A.  Because  snow  (being  a  very  bad  con* 
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ductor  of  heat)  protects  vegetables  and  seeds 
from  the  frost  and  cold. 

S20t  How  does  the  non-conducting  power  of  snow 
protect  vegetables  from  the  frost  and  cold  ? 

A.  It  prevents  the  heat  ci  the  earth  from 
being  drawn  off  by  the  cold  air  which  rests 
upon  it. 

S21«  Why  is  water  from  a  spring  always  cool,  even  in 
rammer? 

A.  Because  the  earth  is  so  bad  a  conduc- 
tor that  the  burning  rays  of  the  sun  can 
penetrate  only  a  few  inches  below  the  sur- 
face;  in  consequence  of  which,  the  springs  of 
■  water  are  not  affected  by  the  heat  of  summer. 

322«  Why  is  it  cool  under  a  shady  tree  on  a  hot  sum- 
mer's day  ? 

A.  1st.  Because  the  overhanging  foliage 
icreens  off  the  rays  of  the  sun ; 

2d.  As  the  rays  of  the  sun  are  warded  off, 
I  the  air  beneath  the  tree  is  not  heated  by  the 
[   inflection  of  the  earth  ;  and, 

3d.  The  leaves  of  the  trees,  being  non-con- 
!.,  (factors,  allow  no  heat  to  penetrate  them. 


t*  Why  do  persons  use  paper  or  woollen  kettle- 
kolders? 

A.  Because  paper  and  woollen  are  both 
very  bad  conductors  of  heat;  in  consequence 
of  which,  the  heat  of  the  kettle  does  not 
readily  pass  through  them  to  the  hand. 
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324t  Does  the  heat  of  the  boiling  kettle  never  ge* 
through  the  woollen  or  paper  kettle-holder? 

A.  Yes;  but,  though  the  kettle-holder 
became  as  hot  as  the  kettle  itself,  it  would 
never  feel  so  hot. 

325.  Why  would  not  the  kettle-holder  feel  bo  hot  as 
the  kettle,  when  both  are  of  the  same  temperature? 

A.  Because  it  is  a  very  bad  conductor,  and 
disposes  of  its  heat  too  slowly  to  be  percept- 
ible ;  but  metal,  being  an  excellent  conduc- 
tor, disposes  of  its  heat  so  quickly  that  the 
sudden  influx  is  painful. 

326.  Why  is  the  lid  of  a  kettle  intensely  hot  when 
the  water  boils  ? 

A.  Because  the  bright  metal  lid  is  an  ad- 
mirable conductor;  and  therefore  the  heat 
from  the  boiling  water  rushes  into  the  hand 
the  moment  we  touch  it. 

327*  Why  are  ice-houses  lined  with  straw,  and  gene* 
rally  whitewashed  on  the  outside? 

A.  1st.  Because  straw  is  a  very  bad  con- 
ductor of  heat,  and  therefore  prevents  the 
external  heat  from  getting  to  the  ice;  and, 

2d.  The  whitewashed  roof  and  walls  pre- 
vent the  absorption  of  heat. 

328.  Why  will  a  little  oil  on  the  surface  of  water  pre- 
vent its  freezing  ? 

A.  Because  oil  is  a  bad  conductor,  and  pre- 
vents heat  from  leaving  the  water. 
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329*  A  silver  teaspoon  becomes  more  heated  by  hot 
tea  than  one  of  inferior  metal,  (as  German  silver,  pewter, 
&c.:)  why  is  this? 

A.  Because  silver  is  a  better  conductor  than 
German  silver  or  pewter. 

German  silver  is  composed  of  31 J  parts  of  nickel,  25£  of  zinc, 
40}  of  copper,  and  2£  of  iron. 

Pewter  is,  generally  speaking,  an  alloy  of  tin  and  lead, — sometimes 
With  a » little  antimony  or  copper  combined  in  different  proportions, 
•wording  to  the  purposes  for  which  it  is  designed. 

SSOt  Why  does  a  metal  spoon  left  in  a  saucepan  ru 
4ird  the  process  of  boiling? 

A.  Because  the  metal  spoon  (being  an  ex- 
cellent conductor)  carries  off  the  heat  from 
the  water;  and,  as  heat  is  carried  off  by  the 
spoon,  the  water  takes  a  longer  time  to  boil. 

Bit  Why  does  paint  preserve  wood  ? 

A.  1st.  Because  it  covers  the  surface  of  the 
wood,  and  prevents  both  air  and  damp  from 
penetrating  into  the  pores ; 

2d.  Because  paint,  (especially  white  paint,) 
Being  a  bad  conductor,  keeps  the  wood  at  a 
9fge  uniform  temperature ;  and, 

3d.  Because  it  fills  up  the  pores  of  the 
Wood,  and  prevents  insects  and  vermin  from 
harboring  in  it  and  eating  up  the  fibre. 

$$2#  Why  are  the  poker  and  tongs  intensely  hot 
then  they  rest  against  the  stove  which  contains  a  good 
ire? 

A.  Because  they  are  excellent  conductors' 
}f  heat,  and  draw  it  rapidly  from  the  stovo 
with  which  they  are  in  contact. 
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333t  Why  are  furnaces  and  stoves  built  of  bricks? 

A.  Because  bricks  are  bad  conductors,  and 
prevent  the  escape  of  heat ;  in  consequence 
of  which,  they  are  employed  where  great 
heat  is  required. 

334t  If  a  stove  be  placed  in  the  middle  of  a  room, 
should  it  be  made  of  bricks  or  iron  ? 

A.  A  stove  in  the  middle  of  a  room  should 
be  made  of  iron,  because  iron  is  an  excellent 
conductor  and  rapidly  communicates  heat  to 
the  air  around. 

§  II. — CONVECTION. 

335t  What  is  meant  by  the  convection  of  heat  ? 

A.  Heat  communicated  by  being  carried 
to  another  thing  or  place;  as  the  hot  water 
resting  on  the  bottom  of  a  kettle  carries  heat 
to  the  water  through  which  it  ascends. 

336t  Are  liquids  good  conductors  of  heat? 

A.  No :  liquids  are  bad  conductors,  and 
are,  therefore,  made  hot  by  convection. 

337#  Why  are  liquids  bad  conductors  of  heat  ? 

A.  Because  heat  converts  a  liquid  into 
steam,  and  flies  off  with  the  vapor  instead 
of  being  conducted  through  the  liquid. 

338t  Explain  how  water, is  made  hot. 

A.  The  water  nearest  the  fire  is  first 
heated,  and  rises  to  the  top ;  while  its  place 
is  supplied   by   colder   portions,   which   are 


I 
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Fig.l. 


heated,  in  turn,  till  all  the  water  is  boiling 

hot, 

The  movements  of  the  particles  of  water  in  boiling 
will  be  understood  by  reference  to  Fig.  1. 

339t  Why  is  water  in  continual  motion 
when  it  is  boiling? 

A.  This  commotion  is  mainly 
produced  by  the  ascending  and 
descending  currents  of  hot  and 
cold  water,  and  by  the  escape  of 
steam. 

S40t  How  do  these  two  currents  pass  each  other  ? 

A.  The  hot  ascending  current  rises  through 
the  centre  of  the  mass  of  water,  while  the 
cold  descending  currents  pass  down  by  the 
|    metal  sides  of  the  kettle. 

341*  Why  is  heat  applied  to  the  bottom,  and  not  to 
the  top,  of  the  kettle  ? 

A.  Because  the  heated  water  always  as- 
cends  to   the    surface,   heating    the    water 
;    through  which  it  passes :  if,  therefore,  heat 
were  applied  to  the  top  of  a  vessel,  the  water 
below  the  surface  woild  not  be  heated. 

S42t  As  the  lower  part  of  a  grate  is  made  red-hot  by 
Ae  fire  above,  why  would  not  the  water  boil  if  fire  were 
Applied  to  the  top  of  a  kettle  ? 

A.  The  iron  of  a  grate  is  an  excellent 
conductor :  if,  therefore,  one  part  be  heated, 
the  heat  is  conducted  to  every  other  part. 
But  water  is  a  very  bad  conductor,  and  will 
not  diffuse  heat  in  a  similar  way. 

7* 
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343«  Prove  that  water  is  a  bad  conductor  of  heat. 

A.  When  a  blacksmith  immerses  red-hot 
iron  in  a  tank  of  water,  the  water  which 
surrounds  the  iron  is  made  boiling  hot,  while 
that  below  the  surface  remains  quite  cold. 

344*  If  you  wish  to  cool  liquids,  where  should  the 
cold  be  applied  ? 

A.  To  the  surface  of  the  liquid;  because 
the  cold  portions  will  always  descend,  and 
allow  the  warmer  parts  to  come  in  contact 
with  the  cooling  substance. 

345t  Does  boiling  water  get  hotter  by  being  kept  on 
the  fire  ? 

A.  No;  not  if  the  steam  be  suffered  to 
escape. 

346t  Why  does  not  boiling  water  get  hotter  if  the 
steam  be  suffered  to  escape  ? 

A.  Because  the  water  is  converted  into 
steam  as  fast  as  it  boils;  and  the  steam 
carries  away  the  additional  heat. 

347*  Why  does  soup  keep  hot  longer  than  boiling 
water  ? 

A.  Because  the  grease  and  various  ingre- 
dients floating  in  the  soup  oppose  the  ascend- 
ing motion  of  the  hot  particles,  and  prevent 
their  rising  freely  to  the  surface. 

348#  If  you  wanted  to  keep  water  hot  for  a  long 
time,  how  could  it  be  done  ? 

A.  By  adding  a  little  starch  or  flour  to 
the  water. 
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349*  Why  would   a   little   starch   added   to  boiling 
water  serve  to  keep  it  hot? 

A.  Because  it  would  oppose  the  ascend- 
ing motion  of  the  hot  particles  of  water,  and 
prevent  their  rising  freely  to  the  surface. 

350t  Why  do  chocolate,  Indian-mush,  &c.  remain 
hot  longer  than  water  ? 

A.  Because  the  ascending  motion  of  the 
hot  particles  is  opposed  by  the  mush  or 
chocolate,  and  cannot  so  quickly  reach  the 
surface. 

351  •  How  is  air  heated  ? 

A.  By  "convective  currents." 

352*  Explain  what  is  meant  by  "convective  cur- 
wots." 

A.  When  a  portion  of  air  is  heated,  it 
rises  in  a  current,  carrying  the  heat  with  it ; 
i  other  colder  air  succeeds,  and,  being  heated 
t  in  a  similar  way,  ascends  also :  these  are 
|  called  "convective  currents." 

"Convective  currents;"  so  called  from  the  Latin  words  cum-vectus, 
(carried  with ;)  because  the  heat  is  "  carried  with"  the  current. 

153*  Is  air  heated  by  the  rays  of  the  sun  ? 

A.  No :  air  is  not  heated,  in  any  sensible 
degree,  by  the  action  of  the  sun's  rays  pass- 
ing through  it. 

354*  Why,  then,  is  the  air  hotter  on  a  sunny  day  than 
on  a  cloudy  one  ? 

A.  Because  the  sun  heats  the  surface  of 
the  earth,  and  the  air  resting  on  the  earth 
is  heated  by  contact :  as  soon  as  it  is  heated 
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it  ascends;  while  its  place  is  supplied  by 
colder  portions,  which  are  heated  in  turn 
also. 

353t  If  air  be  a  bad  conductor,  why  does  hot  iron 
become  cold  by  exposure  to  the  air  ? 

A.  Because  it  is  made  cold — 
1st.  By  "  convection ;"  and, 
2d.  By  "  radiation." 

336*  How  is  hot  iron  made  cold  by  convection  ? 

A.  The  air  resting  on  the  hot  iron  (being 
intensely  heated)  rapidly  ascends  with  the 
heat  it  has  absorbed ;  colder  air  succeeding 
absorbs  more  heat  and  ascends  also;  and 
this  process  is  repeated  till  the  hot  iron  is 
completely  cooled. 

357.  How  is  broth  cooled  by  being  left  exposed  to 
the  air? 

A.  It  throws  off  some  heat  by  radiation; 
but  it  is  mainly  cooled  by  convection. 

358t  How  is  hot  broth  cooled  by  convection  ? 

A.  The  air  resting  on  the  hot  broth 
(being  heated)  ascends;  colder  air  succeed- 
ing absorbs  more  heat,  and  ascends  also ;  and 
this  process  is  repeated  till  the  broth  is  made 
cool. 

The  particles  on  the  surface  of  the  broth  sink  as  they  are  cooled, 
end  warmer  particles  rise  to  the  surface,  which  gradually  assists  the 
cooling-process. 

359.  Why  are  hot  tea  and  broth  cooled  faster  by 
being  stirred  ? 
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A.  1st.  Because  the  agitation  assists  in 
bringing  its  hottest  particles  to  the  surface ; 

2d.  The  action  of  stirring  agitates  the  air, 
and  brings  it  more  quickly  to  the  broth  or 
tea;  and, 

3d.  As  the  hotter  particles  are  more  rapidly 
brought  into  contact  with  the  air,  therefore 
convection  is  more  rapid. 

r  Blowing  tea  or  broth  cools  it  on  the  same  principle. 

t 

,  IHIOi   If  a  shutter   be    closed   during   the   day,   the 

'•      stream 'of  light  piercing  through  the  crevice  seems  in 
constant  agitation  :  why  is  this  ? 

I"  A.  Because  little  motes  and  particles  of 
k  dust,  thrown  into  agitation  by  the  violence 
{'  of  the  convective  currents,  are  made  visible 
r  by  the  strong  beam  of  light  thrown  into  the 
room  through  the  crevice  of  the  shutter. 

[  Ml«  When  potatoes  are  boiled,  why  are  those  at  the 
\  top  of  the  boiler  cooked  sooner  than  those  nearer  the 
,    ire? 

e  A.  1st.  Because  the  hottest  particles  of 
:  the  water  rise  to  the  top  of  the  boiler,  and 
I  fte  coldest  particles  sink  to  the  bottom; 
:   ttd, 

2d.  Because  the  top  of  the  boiler  is  always 
enveloped  with  very  hot  escaping  steam ;  in 
consequence  of  which,  the  potatoes  at  the 
top  are  subjected  to  more  intense  heat  than 
those  at  the  bottom  of  the  boiler. 

$S2»  Why  does  milk  boil  more  quickly  than  water  ? 

A.  Milk  is  a  thicker  liquid    than  water, 
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and  consequently  less  steam  escapes  through 
the  milk  than  through  the  water:  therefore 
the  heat  of  the  whole  mass  of  the  milk  rises 
more  quickly. 

363«  Can  any  other  reason  be  assigned  why  milk  boils 
sooner  than  water  ? 

A.  As  soon  as  the  milk  becomes  heated,  a 
thin  skin  forms  over  the  surface  of  the  milk, 
which  prevents  the  escape  of  the  steam,  and 
therefore  heats  the  mass  of  the  milk  more 
quickly. 

SECTION  HI-CHANGE  OP  STATE. 
364*  What  does  change  of  state  mean  ? 

A.  The  change  which  a  substance  under> 
goes  on  exposure  to  heat :  thus,  cold  water 
may  be  made  to  boil,  or,  if  the  temperature 
be  reduced,  to  freeze.  Some  solid  substances, 
such  as  wax,  or  metals,  change  their  state 
and  liquefy  by  heat. 

365«  Why  does  melted  wax  become  hard  when 
cold? 

A.  Because  the  particles  collapse,  and, 
being  packed  more  closely  together,  form  a 
solid. 

$4  iat  is  the  difference  between  a  liquid  and  a 

a  solid  the  particles  adhere  more 
an  in  a  liquid.  The  tendency  of 
drive  particles  of  matter  asunder: 
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it  thus  liquefies  solids  by  separating  the  par- 
ticles of  which  they  are  composed. 

367*  Why  will  hot  iron  bend  more  easily  than  cold  ? 

A.  Because  it  is  not  so  solid.  The  particles 
are  driven  farther  apart  by  heat,  and  the 
attraction  of  cohesion  is  thereby  weakened : 
therefore  the  particles  can  be  made  to  move 
on  each  other  more  readily. 

368t  What  would  be  the  effect  of  the  application  of 
a  greater  amount  of  heat  ? 

A.  The  particles  would  be  driven  so  far 
asunder  as  to  cause  the  iron  to  liquefy,  in 
which  state  the  particles  move  among  each 
other  with  but  little  resistance. 

[-.'        K9«  Why  are  some  substances  solid,  others  liquid, 
"     ind  others  gaseous  ? 

\  A.  Because  the  particles  which  compose 
£  wane  substances  are  nearer  together  than 
[  they  are  in  others.  Those  in  which  the 
'.  particles  are  closest  are  solid ;  those  in  which 
.  they  are  farthest  apart  are  gaseous ;  and  the 
lest  are  liquid. 

S70*  Why  does  heat  change  a  solid,  like  ice,  first  into 
ft  liquid,  and  then  into  a  gas  ? 

A.  Because  heat  drives  the  component 
particles  farther  asunder:  hence  a  certain 
quantity  of  heat  changes  solid  ice  into  a 
liquid,  and  a  further  addition  of  heat  changes 
the. liquid  into  steam. 
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371§  Is  steam  visible  or  invisible  ?         .     / 

A.  Steam  is  invisible ;  but  when  it  comes 
in  contact  with  the  air,  being  condensed 
into  small  drops,  its  vapor  instantly  becomes 
visible. 

872«  How  do  you  know  that  steam  is  invisible?      * 

A.  If  you  look  at  the  spout  of  a  boiling 
kettle,  you  will  find  that  the  steam  which 
issues  from  the  spout  is  invisible  for  aboul 
half  an  inch ;  after  which  its  vapor  becomes 
visible. 

373.  Why  is  the  steam  invisible  for  half  an  inch  ? 

A.  Because  it  is  not  condensed  by  the  air 
as  it  issues  from  the  spout;  but  when  it 
spreads  and  comes  in  contact  with  a  larger 
volume  of  air,  the  invisible  steam  is  readily 
condensed  into  visible  drops. 

374#  Why  do  steam-engines  sometimes  burst,  or  blow 
up? 

A.  Because  steam  is  very  elastic;  and 
this  elasticity  increases  in  a  greater  pro- 
portion than  the  heat  which  produces  it :  un- 
less, therefore,  some  vent  be  freely  allowed, 
steam  will  burst  the  vessel  which  confines  it. 

§  I. — LATENT    HEAT. 

375*  Why  does  steam  burn  so  much  more  severely 
than  boiling  water  ?   . 

A.  Steam  condenses  as  soon  as  it  is  ex- 
posed to  the  cold,  and  gives  out  all  the  heat 
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by  which  it  was  produced  :  therefore,  as  one 
thousand "  degrees  of  heat  become  latent  in 
steam,  it  gives  out  that  amount  when  con- 
densed, which  is  much  greater  than  the  heat 
of  boiling  water. 

S7&  Is  there  heat  even  in  ice  ? 

A.  Yes ;  but  it  is  latent, — that  is,  not  per- 
ceptible to  our  senses. 

"Latent,"  from  the  Latin  word  lateo,  to  lie  hid. 

.         377*  How  do  yon  know  there  is  heat,  if  you  cannot 

\    perceive  it  ? 

A.  The  temperature  of  ice  is  32°  by  the 
thermometer ;   but  if  ice  be  melted  over  a 
fire,  (although  140°  of  heat  are  absorbed  by 
*fte  process,)   it  will    feel  no   hotter  than 
before. 

178*  What  becomes  of  the  140°  of  heat  which  went 
into  the  ice  to  melt  it  ? 

X  A.  It  is  hidden  in  the  water ;  or,  to  speak 
,  ttore  scientifically,  it  is  stored  up  in  a  latent 
\  state. 

* 

S79«  How  much  heat  may  be  thus  secreted  or  made 


t 


A.  All  things  contain  a  vast  quantity  of 
latent  heat;  but  as  much  as  1140°  of  heat 
may  remain  latent  in  water. 

SMt  How  can  1140°  of  heat  be  added  to  water  with- 
out being  perceptible  to  our  feelings  ? 

A.  1st.  140°  of  heat  are  hidden  in  water 
when  ice  is  melted  by  the  sun  or  fire ; 

s 
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2d.  1000°  more  of  heat  are  secreted  when 
Ivater  is  converted  into  steam.  Thus,  before 
ice  is  converted  into  steam,  1140°  of  heat 
become  latent. 

One  pint  of  boiling  water  (212°  according  to  the  thermometer)  wO 
make  eighteen  hundred  pints  of  steam;  but  the  steam  is  no  hotter  to 
the  touch  than  boiling  water;  both  are  212°:  therefore,  when  water  is 
converted  into  steam,  1000°  of  heat  become  latent.  Hence,  before 
ice  is  converted  into  steam,  it  must  contain  1140°  of  latent  heat. 

381*  Why  does  cold  water  poured  on  lime  make  it 
intensely  hot? 

A.  Because  heat  is  evolved  by  the  chemical 
action  which  takes  place  when  the  cold 
water  combines  with  the  lime. 

Heat  is  always  evolved  when  a  fluid  is  converted  into  a  solid 
form.  Heat  is  always  absorbed  when  a  solid  is  changed  into  s  liquid 
state.  As  the  water  is  changed  from  its  liquid  form  when  it  is  taken 
"p  by  the  lime,  therefore  heat  is  given  off. 

382«  Where  does  the  heat  come  from  ? 

A.  It  was  in  the  water  and  lime  before, 
but  was  in  a  latent  state. 

383i  Was  there  heat  in  the  cold  water  and  lime 
before  they  were  mixed  together  ? 

A.  Yes  :  all  bodies  contain  heat, — the  cold- 
est ice  as  well  as  the  hottest  fire. 

384*  Explain  by  illustration  what  you  mean. 

A.  Water  is  cold,  and  sulphuric  acid  is 
cold ;  but  if  these  two  cold  liquids  be  mixed 
together  they  will  produce  intense  heat. 
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§  II. — EBULLITION. 

385.  What  is  ebullition  ? 

A.  Ebullition,  or  boiling,  is  occasioned  by 
the  formation  of  bubbles  of  vapor  within  the 
body  of  the  evaporating  liquid,  which,  by 
reason  of  their  lightness,  rise  to  the  surface 
and  then  break. 

386*  Bo  all  liquids  boil  at  the  same  temperature  ? 

A.  No :  the  boiling-point  occurs  in  differ- 
ent liquids  at  very  different  temperatures. 

387»  What  is  meant  by  the  boiling-point  ? 

A.  The  temperature  at  which  liquids 
become  gaseous. 

388»  Why  does  milk  boil  over  more  readily  than 
water  ? 

A.  Because  the  steam  is  retained  in  the 
boiling  milk  by  a  thin  skin,  or  scum,  which 
forms  on  the  surface.  The  accumulation  of 
steam  finally  bursts  this  scum,  and  in  its 
escape  carries  with  it  the  boiling  milk. 

389»  Why  does  water  simmer  before  it  boils  ? 

A.  Because  the  particles  of  water  near 
the  bottom  of  the  kettle,  being  formed  into 
steam  sooner  than  the  rest,  shoot  upward, 
but  are  condensed  again,  as  they  rise,  by  the 
cold  water,  and  produce  what  is  called 
"  simmering." 

390#  What  is  meant  by  simmering  ? 

A.  A  gentle  tremor  or  undulation  on  the 
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surface  of  the  water.  When  water  simmers, 
the  bubbles  collapse  beneath  the  surface,  and 
the  steam  is  condensed  to  water  again ;  but 
when  water  boils,  the  bubbles  rise  to  the 
surface,  and  the  steam  is  thrown  off. 

Collapse, — that  is,  burst 


_>  : 


391*  Why  does  a  kettle  sing  when  the  watqiudmrners  ? 

A.  Because  the  air  contained  in  tike  water 
escapes  by  fits  and  starts  through  the  spout 
of  the  kettle,  which  makes  a  noise  l|ke  the 
sound  of  a  wind-instrument. 

392*  Why  does   not  a  kettle   sing  when  the   water 

boils  ? 

A.  Because  all  the  water  is  boiling  hot; 
so  the  steam  escapes  in  a  continuous  stream, 
and  not  by  fits  and  starts. 

393»  When  does  a  kettle  sing  most  ? 

A.  When  it  is  set  on  the  side  of  the  fire 
to  boil. 

394.  Why  does  a  kettle  sing  more  when  it  is  set  on 
the  side  of  a  fire  than  when  it  is  set  in  the  midst  of  the 
fire  ? 

A.  Because  the  heat  is  applied  so  un- 
equally that  one  side  is  made  hotter  than 
the  other;  in  consequence  of  which,  the 
steam  is  more  diffused. 


395*  Why  does  a  kettle  sing  when  the  boiling  water 
fins  to  cool  again  ? 

A.  Because  the  upper  surface  cools  first% 


EBULLITION.  89 

and  the  steam  which  rises  from  the  lower 
part  of  the  kettle  escapes  by  fits  and  starts. 

396*  Why  does  the  water  boil  sooner  when  the  kettle 
is  placed  oyer  the  fire  ? 

A.  Because  the  particles  of  water  which 
are  heated  rise  through  the  whole  body  of 
colder  water;  whereas  when  the  side  of  the 
kettle  is  placed  against  the  fire  the  heated 
particles  rise  only  up  the  side  of  the  kettle. 

397*  Why  does  boiling  water  swell? 

A.  Because  it  is  expanded  by  the  heat; 
that  is,  the  heat  of  the  fire  drives  the  par. 
tides  of  water  farther  apart  from  each  other; 
and  therefore  they  take  up  more  room :  in 
other  words,  the  water  swells. 

$98.  What  is  meant  when  it  is  said  that  "  heat  drives 
tie  particles  of  water  farther  apart  from  each  other"  ? 

A.  Water  is  composed  of  little  globules, 
like  very  small  grains  of  sand :  the  heat 
drives  these  particles  away  from  each  other, 
and,  as  they  then  require  more  room,  the 
Water  swells. 


Why  does  boiling  water  bubble  ? 

A.  Because  the  vapor  (rising  through  the 
water)  is  diffused,  and  forces  up  bubbles  in 
ita  effort  to  escape.   - 

AH  the  air   of  water  is  expelled  at  the   commencement  of  its 
ling. 

490*  Why  does  a  kettle  sometimes  boil  over  ? 

A.    Because   the  water  is   expanded   by 

8* 


90  CHEMICAL   ACTION. 

heat :  if,  therefore,  a  kettle  is  filled  with  cold 
water,  some  of  it  must  run  over  as  soon  as 
it  is  made  hot. 

401*  But  a  kettle  will  boil  over,  although  it  has  not 
been  filled  full  of  water  :  how  do  you  account  for  that? 

A.  If  a  fire  be  very  brisk,  the  air  and 
vapor  are  expelled  so  rapidly  that  the 
bubbles  are  very  numerous,  and,  towering 
one  above  another,  reach  the  top  of  the 
kettle,  and  fall  over. 

402»  Why  is  a  pot  which  was  full  to  overflowing 
while  the  water  wa3  boiling  hot,  not  full  a  short  tiuw 
after  it  has  been  taken  off  the  fire  ? 

A.  Because  while  the  water  is  boiling  i\ 
is  expanded  by  the  heat,  and  fills  the  po1 
even  to  overflowing;  but  when  it  becomes 
cool  it  contracts  again,  and  occupies  a  much 
less  space. 

403»  Why  does  the  water  of  a  kettle  run  out  of  th< 
spout  when  it  boils  ? 

A.  Because  the  lid  fits  so  tightly  that  the 
steam  cannot  lift  it  up  and  escape;  being 
confined,  therefore,  in  the  kettle,  it  presses 
on  the  water  with  great  power,  and  forces  it 
out  of  the  spout. 

V  404*.  What  causes  the  rattling  noise  so  often  made 
the  lid  of  a  saucepan  or  boiler  ? 
A.  The  steam  as  it  escapes  forces  up  the 
J  of  the  boiler,  and  the  weight  of  the  lid 
rfries  ^  back  again ;  this,  being  done  fre- 
"*  r,  produces  a  rattling  noise. 


r 

I  EBULLITION.  91 

r     4ISt  If  4he  steam  could  not  lift  up  the  lid  of  the 

[  toiler,  how  would  it  escape  ? 

|  A.  If  the  lid  fitted  so  tightly  that  the 
f  steam  could  not  raise  it  up,  the  boiler  would 
t  burst  into  fragments. 

106*  When  steam  pours  out  from  the  spout  of  a 
kettle,  the  stream  begins  apparently  half  an  inch  off  the 
ipout:  why  does  it  not  begin  close  to  the  spout? 

A.  Steam  is  really  invisible ;  and  the  half- 
inch  between  the  spout  and  the  stream  of 
mist  is  the  real  steam,  before  it  has  been 
condensed  by  air. 

107.  Why  is  not  all  the  steam  invisible  as  well  as 
that  half-inch  ? 

A.  Because  the  invisible  particles  are  con- 
fessed by  the  cold  air,  and,  rolling  one  into 

toother,  look  like  a  thick  mist. 

* 

.  MS*  What    becomes   of   the    steam  ?    for    it    soon 
finishes. 

A  After  it  has  been  condensed  into  mist, 
it  mingles  with  the  air  and  is  dispersed 
ahead  as  invisible  vapor. 

4tt«  And  what  becomes  of  the  invisible  vapor  ? 

A.  Being  lighter  than  air,  it  ascends  to  the 
regions    of  the    atmosphere,    where 
sing  again   condensed)   it  contributes   to 
clouds. 

lit*  Why  will  a  pot  filled  with  water  never  boil, 
than  immersed  in  another  vessel  full  of  water  ? 

A.  Because  water  can  never  be  heated 
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above  the  boiling-point :  all  the  heat  absorbed 
by  water  after  it  boils  is  employed  in  gene- 
rating steam. 

411*  How  does  the  conversion  of  water  into  steam 
prevent  the  inner  pot  from  boiling  ? 

A.  As  soon  as  the  water  in  the  larger  pot 
is  boiling  hot,  (or  212°,)  steam  is  formed  and 
carries  off  some  of  its  heat :  therefore  212° 
of  heat  can  never  pass  through  it,  to  raise 
the  water  in  the  inner  vessel  to  boiling- 
heat. 

412*  Why  do  sugar,  salt,  &c.  retard  the  process  of 
boiling  ? 

A.  Because  they  increase  the  density  of 
water;  and  whatever  increases  the  density 
of  a  fluid  retards  its  boiling. 

413*  If  you  want  water  to  boil  without  the  vessel 
containing  it  coming  in  contact  with  the  fire,  what  plan 
must  you  adopt  ? 

A.  The  vessel  containing  the  water  to  be 
boiled  must  be  immersed  in  a  vessel  con- 
taining a  denser  fluid,  as  boiling  brine  or 
syrup. 

414*  Why  would  the  inner  vessel  boil  if  the  outer 
vessel  contained  boiling  brine  ? 

A.  Because  brine  will  not  boil  till  it  is 
raised  to  218°  or  220°.  Therefore  212°  of 
heat  may  easily  pass  through  it,  to  raise  the 
vessel  immersed  in  it  to  212°,  which  is  the 
boiling-point  of  water. 
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415t  Why  will  brine  impart  to  another  vessel  more 
than  212°  of  heat,  and  water  not  so  much  ? 

A.  Because  no  liquid  can  impart  so  high 
a  degree  of  heat  as  its  own  boiling-tempe- 
rature: as  water  boils  at  212°,  it  cannot 
impart  212°  of  heat;  but  as  brine  will  not 
boil  without  218°  of  heat,  it  can  impart 
enough  to  make  water  boil. 

416i  Why  can  liquids  impart  no  extra  heat  aftei 
they  boil  ? 

A.  Because  all  extra  heat  is  spent  in 
making  steam.  Hence  water  will  not  boil  a 
vessel  of  water  immersed  in  it,  because  it 
cannot  impart  to  it  212°  of  heat;  but  brine 
will,  because  it  can  impart  more  than  212° 
of  heat  before  it  is  itself  converted  into 
steam. 


WBw 


'  boil  8  at. 


.  96* 
.176° 
.212° 

.219° 


Syrup  boils  at...221° 
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witer  with  one- )    „ 
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r  jAiiy  liquid  which  boils  at  a  lower  degree  can  be  made  to  boil,  if 
L;  "Wetted  in  a  liquid  which  boils  at  a  higher  degree.  Thus,  a  cup  of 
I   fftar  can  be  made  to  boil  in  a  saucepan  of  water ;  a  cup  of  water,  in 

*«woepan  of  brine  or  syrup.     But  a  cup  of  water  will  not  boil  if 

fcuuned  in  ether ;  nor  a  cup  of  syrup  in  water. 


§  III. — EVAPORATION. 

117*  What  is  meant  by  evaporation  ? 

A«  The  transformation  of  liquid  and,  in 
tame  cases,  of  solid  substances,  into  a  gaseous 
itote  by  the  action  of  heat. 
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418*  Has  the  state  of  the  atmosphere  any  effect  on 
evaporation  ? 

A.  Yes  :  the  evaporation  is  greatest  when 
the  weather  is  dry  and  warm. 

419*  Bo  all  liquids  evaporate  with  the  same  rapidity? 

A.  No:  ether  evaporates  more  rapidly 
than  alcohol,  and  alcohol  more  rapidly  than 
water. 

420«  In  what  way  may  the  evaporation  of  any  liquid 
be  increased  ? 

A.  By  increasing  the  surface.  Water  will 
evaporate  more  rapidly  if  poured  into  a 
saucer  than  if  put  into  a  bottle,  because  a 
larger  surface  is  exposed  to  the  action  of  the 
air  when  in  the  saucer. 

421*  What  effects  are  produced  by  evaporation  ? 

A.  The  liquid  vaporized  absorbs  heat  from 
the  body  whence  it  issues;  and  the  body 
deprived  of  the  liquid  by  evaporation  loses 
heat. 

422«  How  may  a  glass  bottle  containing  water  be 
cooled  ? 

A.  By  wrapping  it  in  a  wet  cloth. 

423.  Why  would  the  wet  cloth  cool  the  water  ? 

A.  The  evaporation  of  the  moisture  of 
the  cloth  would  absorb  the  heat  from  the 
Water  in  the  bottle. 

bottll^ni?  r™  dif  PC1 in  fiC°ho1  instead  of  water> tho  ™ter  in  the 
rlrfM  Tk  d  b!  Ten(]?™d  c"Uer;  because  alcohol  evaporates  more 
readily  than  water.  Ether,  which  is  more  volatile  than  alcohol,  would 
produce  a  still  greater  degreo  of  cold. 
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424t  If  you  wet  your  finger  and  hold  it  up  in  the 

lir,  why  does  it  feel  cold  ? 

A.  Because  the  moisture  on  the  finger 
quickly  evaporates,  and,  as  it  evaporates, 
absorbs  heat  from  the  finger,  making  it  feel 

cold. 

42Si  If  you  bathe  your  temples  with  ether,  why  does 
it  allay  inflammation  and  feverish  heat  ? 

A.  Because  ether  evaporates  very  rapidly, 
and,  as  it  evaporates,  absorbs  heat  from  the 
burning  head,  producing  a  sensation  of  cold. 

426*  Why  is  ether  better  for  this  purpose  than  water  ? 

A.  Because  ether  requires  less  heat  to  con- 
vert it  into  vapor ;  in  consequence  of  which, 
H  evaporates  more  quickly. 


ar  is  converted  into  vapor  by  100°  of  beat;  but  water  require! 
2U°  of  heat  to  convert  it  into  steam. 

427*  Why  does  ether  very  greatly  relieve  a  scald  or 
tarn? 

A.  Because  it  evaporates  very  rapidly, 
tad,  as  it  evaporates,  carries  off  the  heat  of 
fteburn. 

428*  Why  do  we  feel  cold  when  we  have  wet  feet  or 
dothes? 

A.  Because  the  moisture  of  our  shoes  or 
clothes  rapidly  evaporates,  and,  as  it  evapor- 
ates, absorbs  heat  from  our  body,  which 
makes  us  feel  cold. 

429*  Why  do  wet  feet  or  clothes  give  us  "  cold"  ? 

A.  Because  the  evaporation  of  the  moist- 
we  absorbs   heat   so   abundantly  from   the 
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surface  of  our  body  that  its  temperature  is 
lowered  below  its  natural  standard ;  in  con- 
sequence of  which,  health  is  injured. 

430*  Why  is  it  dangerous  to  sleep  in  a  damp  bed  ? 

A.  Because  the  heat  is  continually  absorbed 
from  the  surface  of  our  body  to  convert  the 
damp  of  the  sheets  into  vapor;  in  consequence 
of  which,  our  animal  heat  is  reduced  below 
the  healthy  standard. 

431*  Why  is  health  injured  when  the  temperature  of 
the  body  is  reduced  below  its  natural  standard  ? 

A.  Because  the  balance  of  the  circulation 
is  destroyed  :  blood  is  driven  away  from  the 
external  surface  by  the  chill  and  thrown  upon 
the  internal  organs,  which  are  oppressed  by 
this  increased  load  of  blood. 

432*  Why  do  we  not  feel  the  same  sensation  of  cold 
if  we  throw  a  thick  covering  over  our  wet  clothes  ? 

A.  Because  the  thick  covering,  being  air- 
tight, prevents  evaporation,  and,  as  the  moist- 
ure cannot  evaporate,  no  heat  is  absorbed  from 
our  bodies. 

433.  Why  do  not  sailors  get  cold,  who  are  frequently 
wet  all  day  with  sea-water  ? 

A.  1st.  Because  the  salt  of  the  sea  retards 
evaporation,  and,  as  the  heat  of  their  body  w 
drawn  off  gradually,  the  sensation  of  cold  it 
prevented;  and, 

2d.  The  salt  of  the  sea  acts  as  a  stimulant 
and  keeps  the  blood  circulating  near  the  sur- 
face of  the  body. 


r 
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434*  Why  does  sprinkling  a  hot  room  with  water  cool 

it? 

A.  Because  the  heat  of  the  room  causes  a 
rapid  evaporation  of  the  sprinkled  water; 
and,  as  the  water  evaporates,  if  absorbs  heat 
ftom  the  room,  which  cools  it. 

135*  Why  is  it  customary,  in  very  hot  countries,  to 
at  in  rooms  separated  by  curtains  instead  of  walls  or 
doors,  and  to  keep  these  curtains  constantly  sprinkled 
with  water  ? 

A.  Because  curtains  are  bad  conductors  of 
heat,  and  the  rapid  evaporation  of  water  re- 
duces the  temperature  of  the  room  ten  or 
fifteen  degrees. 

486.  Why  does  watering  the  streets  and  roads  cool 
4em? 

A.  Because  they  part  with  their  heat  to 
promote  the  evaporation  of  the  water 
sprinkled  on  them. 

4t7«  •Why  does  a  shower  of  rain  cool  the  air  in  sum- 
mer-time? 

A.  Because  the  wet  earth  parts  with  its 
heat  to  promote  evaporation ;  and  when  the 
earth  is  cooled,  it  cools  the  air  also. 

438*  Why  is  linen  dried  by  being  exposed  to  the 
Wind? 

A.  Because  the  wind  or  currents  of  air  ac- 
celerate evaporation,  by  removing  the  vapor 
from  the  surface  of  the  wet  linen  as  fast  as  it 
is  formed. 

9 


98  CHEMICAL   ACTIOX. 

439 •  Why  is  linen  dried  sooner  in  the  open  air  tl  an  in 
a  confined  room  ? 

A.  Because  the  currents  of  air  cause  the 
particles  of  vapor  to  be  more  rapidly  removed 
from  the  surface  of  the  linen  by  evaporation. 

440»  Why  are  wet  summers  generally  succeeded  by 

cold  winters  ? 

A.  Because  the  great  evaporation  carried 
on  through  the  wet  summer  reduces  the  tem- 
perature of  the  earth  lower  than  usual,  and 
produces  cold. 

441  •  Why  are  our  Eastern  and  many  of  our  West- 
ern States  warmer  and  the  winters  less  severe  than 
formerly  ? 

A.  Because  they  are  better  drained  and 
better  cultivated,  and  consequently  there  is 
less  evaporation  now  than  formerly. 

442»  Why  does  draining  land  promote  warmth  ? 

A.  Because  it  diminishes  evaporation;  in 
consequence  of  which,  less  heat  is  abstracted 
from  the  earth. 

443*  Why  does  cultivation  increase  the  warmth  of  a 
country  ? 

A.  1st.  Because  hedges  and  belts  of  trees 
are  multiplied ; 

2d.  The  land  is  better  drained ;  and, 
3d.  The  vast  forests  are  cut  down. 

444*  Why  do  hedges  and  belts  of  trees  promote 
warmth  ? 

A.  Because  they  retard  evaporation,  by 
keeping  off  the  wind. 


f 

I  EVAPORATION.  99 

I         W5#  If  belts  of  trees  promote  warmth,  why  do  forests 
|      produce  cold  ? 

|       A.  1st.  Because  they  detain  and  condense 
r     the  passing  clouds ; 

2d.  They  prevent  the  access  of  both  wind 
and  sun ; 

3d.  The  soil  of  forests  is  always  covered 
with  long  damp  grass,  rotting  leaves,  and 
thick  brushwood ;  and, 

4th.  In  every  forest  there  are  always  many 
hollows  full  of  stagnant  water,  which  cause 
evaporation. 

446#  Why  do  long  grass  and  rotting  leaves  promote 
eold? 

A.  Because  they  are  always  damp;  and 
evaporation,  which  they  promote,  is  con- 
stantly absorbing  heat  from  the  earth 
beneath. 

447i  Why  are  France  and  Germany  warmer  now  than 
when  the  vine*  would  not  ripen  there  ? 

A.  Chiefly  because  their  vast  forests  have 
been  cut  down,  and  the  soil  is  better  drained 
and  cultivated. 

448«  What  becomes  of  the  water  of  ponds  in  summer- 
time? 

A.  Ponds  are  often  left  dry  in  summer- 
time because  their  water  is  evaporated  by 
the  air. 

449*  How  is  this  evaporation  produced  and  carried 
*? 

A,  The  heat  of  the  air  changes  the  surface 


i 


401394 


100  •      '     CHEMICAL  ACTION. 

of  the  water  into  vapor,  which,  blending  with 
the  air,  is  soon  wafted  away;  and  similar 
evaporation  is  repeatedly  produced,  till  the 
pond  is  left  quite  dry. 

450«  Why  are  the  wheels  of  some  machines  kept  con* 
etantly  wet  with  water  ? 

A.  To  carry  off  (by  evaporation)  the  heat 
which  arises  from  the  rapid  motion  of  the 
wheels. 

451*  Why  is  the  surface  of  the  ground  hardened  by 
the  sun  ? 

A.  Because  the  moisture  of  the  ground  is 
exhaled  by  evaporation;  and  as  the  earthy 
particles  are  brought  closer  together,  the  mass 
becomes  more  solid. 

452*  Show  the  wisdom  of  God  in  this  arrangement. 

A.  If  the  soil  did  not  become  crusty  and 
hard  in  dry  weather,  the  heat  and  drought 
would  penetrate  the  soil  and  kill#both  seeds 
and  roots. 

453*  Why  does  bread  become  hard  after  it  has  been 
kept  a  few  days  ? 

A.  Because  the  vapor  and  gases  escape, 
leaving  the  solid  particles  dry,  so  that  they 
collapse  and  become  more  firm  and  hard. 

454«  Why  are  glue,  gum,  starch,  and  paste  adhesive? 

A.  Because  the  water  used  with  them 
rapidly  evaporates,  and  leaves  them  solid; 
and  they  insinuate  themselves  so  intimately 
into  the  pores  of  the  substances  with  whicfc 
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they  come  in  contact  that  when  the  water 
evaporates  the  whole  is  one  solid  mass. 

They  lose  their  adhesiveness  when  dissolved  in  water,  and  therefore 
mast  always  be  suffered  to  become  dry  before  they  will  hold  with  te- 
nacity. 

455*  Why  is  tea  cooled  faster  in  a  saucer  than  in  a 
cup? 

A.  Because  evaporation  is  increased  by 
increasing  the  surface ;  and  as  tea  in  a  saucer 
presents  a  larger  surface  to  the  air,  its  heat  is 
more  rapidly  carried  off  by  evaporation. 

It  is  also  cooled  by  convection. 

456.  Why  is  not  the  vapor  of  the  sea  salt  ? 

A.  Because  the  salt  is  always  left  behind 
in  the  process  of  evaporation. 

457«  What  is  that  white  crust  which  appears  in  hot 
weather  upon  clothes  wetted  with  sea-water  ? 

A.  The  salt  of  the  water,  left  on  the  clothes 
by  evaporation. 

458t  Why  does  this  white  crust  always  disappear  in 
wet  weather  ? 

A.  Because  the  moisture  of  the  air  dissolves 
the  salt;  in  consequence  of  which,  it  is  no 
longer  visible. 

459«  Why  should  not  persons  who  take  violent  exer- 
cise wear  very  thick  clothing  ? 

A.  Because  it  prevents  the  perspiration  from 
evaporating.  When  the  heat  of  the  body  is 
increased  by  exercise,  perspiration  reduces  the 
hea/t,  by  evaporation,  to  a  healthy  standard : 

9* 
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as  thick  clothing  prevents  this  evaporation, 
it  is  injurious  to  health. 

460a  Why  do  day-laborers  usually  wear  flannel  next 
their  body,  even  in  hot  weather  ? 

A.  Because  exercise  promotes  perspiration; 
and  as  flannel  is  a  bad  conductor  of  heat,  it 
prevents  the  evaporation  of  the  moisture  from 
chilling  the  body  and  reducing  its  heat  below 
the  healthy  standard. 

461  •  Why  will  not  lucifer-matches  ignite  if  they  are 
damp? 

A.  1st.  Because  the  cold  produced  by  the 
evaporation  of  the  water  neutralizes  the  heat 
produced  by  the  friction  of  the  match  across 
the  bottom  of  the  lucifer-box ;  and, 

2d.  Because  the  damp  prevents  the  free 
accession  of  oxygen  to  the  match,  without 
which  it  cannot  burn. 

462t  Why  does  water  in  a  very  exposed  place  freeze 
more  rapidly  than  that  which  is  under  cover  or  rn  a  place 
less  exposed? 

A.  1st.  Because  evaporation  goes  on  more 
rapidly  when  water  is  exposed,  and  carries 
away  heat  from  the  general  mass ;  and, 

2d.  Any  covering  will  radiate  heat  into 
the  water  below,  and  prevent  the  mass  from 
cooling  down  to  the  requisite  temperature  to 
cause  congelation. 

463 •  Why  does  paint  often  blister  from  heat  ? 

A  Because  the  heat,  penetrating  through 
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I  paint,  extracts  some  little  moisture  from  the 
I  wood  and  turns  it  into  vapor,  or  steam :  as 
I  this  vapor  requires  room,  it  throws  up  blis- 
ters in  the  paint  to  make  room  for  its  ex- 
panded bulk. 

464*  Why  are  flowers  more  fragrant  in  damp  weather? 

A.  Because  the  volatile  particles  which 
constitute  the  perfume  of  the  flowers  are  pre- 
vented, by  the  vapor  of  the  air,  from  circu- 
lating freely  through  the  surrounding  atmo- 
sphere. 

Umlj  of  the  essential  oils,  and  other  rolatile  substances  which  pro- 
due  odors  in  plants,  require  the  presence  of  much  moisture  for  their 
perfect  development. 

§  IV. — VAPORIZATION. 

465*  What  is  meant  by  vaporization  ? 

i     A.  The  conversion  of  a  liquid  into  vapor 
by  boiling. 

466*  Explain  the  difference  between  evaporation  and 
vaporization. 

i  A.  Evaporation  is  effected  by  exposure  to 
i  lie  air  without  boiling,  whilst  vaporization 
requires  the  air  of  sufficient  heat  to  produce 
:  ebullition. 

**Bbollition,"  from  the  Latin  ebullio,  to  boil. 

4t7«  Why  does  hot  iron  make  a  hissing  noise  when 
phmged  into  water  ? 

A.   Because   the   hot  iron   converts  into 
;  *team  the  particles  of  water  which  come  in 
u&mediate  contact  with  it;  and,  as  the  steam 
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flies  upward,  it  passes  by  other  particles  of 
water  not  yet  vaporized :  the  collision  pro- 
duces very  rapid  vibrations  in  the  air,  and  a 
hissing  noise  is  the  result. 

468 •  Why  does  water  make  a  hissing  noise  when  it  is 
poured  on  fire? 

A.  Because  the  part  which  comes  in  con- 
tact with  the  fire  is  immediately  converted 
into  steam,  and,  as  it  flies/ upward,  meets 
other  particles  of  water  not  yet  vaporized : 
the  collision  produces  very  rapid  vibrations 
in  the  air,  and  a  hissing  noise  is  the  result. 

469«  Why  is  water  converted  into  steam  by  the  heat 
of  the  fire  ? 

A.  Because,  when  the  heat  of  the  fire 
enters  the  water,  it  separates  its  globules 
into  very  minute  particles,  which,  being 
lighter  than  air,  fly  off  from  the  surface  in 
the  form  of  steam. 

470«  Why  does  a  drop  of  water  sometimes  roll  along 
a  piece  of  hot  iron  without  leaving  the  least  trace? 

A.  Because  the  bottom  of  the  drop  is  turned 
into  vapor,  which  buoys  the  drop  up,  without 
allowing  it  to  touch  the  iron. 

471.  Why  does  it  roll  ? 

A.  Because  the  current  of  air  which  is 
always  passing  over  a  heated  surface  drives 
it  along. 

472«  Why  does  a  laundress  put  a  little  saliva  on  a 
flat-iron  to  know  if  It  be  hot  enough  ? 

A.  Because,  when  the  saliva  sticks  to  the 
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iron  and  is  evaporated,  she  knows  it  is  not 
sufficiently  hot;  but  when  it  runs  along  the 
Iron,  it  is. 

473*  Why  is  the  flat-iron  hotter  if  the  saliva  runs 
along  it  than  if  it  adheres  till  it  is  evaporated  ? 

A.  Because,  when  the  saliva  runs  along  the 
iron,  the  heat  is  sufficient  to  convert  the  bot- 
tom of  the  drop  into  vapor;  but  if  the  saliva 
will  not  roll,  the  iron  is  not  sufficiently  hot 
to  convert  the  bottom  of  the  drop  into  vapor. 

474t  By  wetting  the  hand,  it  may  he  safely  thrust 
through  a  stream  of  molten  (that  is,  red-hot)  iron:  ex- 
plain this. 

A.  The  moisture  of  the  hand  is  converted 
into  steam  by  the  heat  of  the  iron  :  this  en- 
tdop  of  steam  completely  shields  the  ha^d 
feom  the  injurious  effect  of  the  molten  metal, 
by  preventing  the  iron  from  coming  in  con- 
tact with  the  skin. 

§  V. — LIQUEFACTION. 

475«  What  is  meant  hy  liquefaction  ? 

A.  The  state  of  being  melted,  as  ice  is 
melted  by  the  heat  of  the  sun. 

When  metals  are  melted,  they  are  said  to  be  fused. 

470«  Why  is  ice  melted  hy  the  heat  of  the  sun  ? 

A.  Because,  when  the  heat  of  the  sun  en- 
ters the  solid  ice,  it  forces  its  particles  asunder, 
till  their  attraction  of  cohesion  is  sufficiently 
overcome  to  convert  the  solid  ice  into  a  liquid. 
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477t  The  temperature  of  ice  is  32° :  if  you  pour  jus* 
enough  boiling  water  over  the  ice  to  melt  it,  will  tho 
temperature  of  the  water  be  increased  ? 

A.  No :  the  heat  of  the  boiling  water  is 
consumed  in  melting  the  ice ;  but  pour  boil- 
ing water  on  ice-cold  water,  and  the  tempe- 
rature is  immediately  increased. 

478«  Why  does  wax  become  soft  before  it  turni 
liquid  ? 

A.  Because  it  absorbs  heat  sufficient  to 
loosen  the  contact  of  its  particles  before  it 
has  absorbed  sufficient  to  liquefy  the  mass. 

479«  Why  are  metals  melted  by  the  heat  of  fire? 

A.  Because,  when  the  heat  of  the  fire  enters 
the  solid  metal,  it  forces  its  particles  asunder, 
till  their  attraction  of  cohesion  is  sufficiently 
overcome  to  convert  the  solid  metal  into  a 
liquid. 

480t  Why  does  not  wood  melt,  like  metal  ? 

A.  Because  the  heat  of  the  fire  decomposes 
the  wood  into  gas,  smoke,  and  ashes,  and  the 
different  parts  separate  from  each  other. 

48 1«  Why  does  salt  crackle  when  thrown  into  the 
fire  ? 

A.  Salt  contains  water;  and  the  crackling 
of  the  salt  is  owing  to  the  sudden  conversion 
of  this  water  into  steam. 
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r 

V  RADIATION.  107 

I  SECTIOH  IV -RADIATIOH. 

482t  What  is  meant  by  radiation  ? 

A.  Radiation  means  the  emission  of  rays. 
Thus,  the  sun  radiates  both  light  and  heat ; 
that  is,  it  emits  rays  of  light  and  heat  in  all 
directions. 

483.  When  is  heat  radiated  from  one  body  to  another  ? 

I       A.  When  the  two  bodies  are  separated  by 
'    a  non-conducting   medium :    thus,    the    sun 
radiates  heat  toward  the  earth,  because  the 
air  (which  is  a  very  bad  conductor)  comes 
between. 

484*  On  what  does  radiation  depend  ? 

A.  On  the  roughness  of  the  radiating  sur- 
fece:  thus,  if  metal  be  scratched,  its  radiating 
power  is  increased,  because  the  heat  has  more 
points  to  escape  from. 

485.  Does  a  fire  radiate  heat? 

A.  Yes;  and  because  burning  fuel  emits 
rays  of  heat,  therefore  we  feel  warm  when 
we  stand  before  a  fire. 

486t  Why  does  our  face  feel  uncomfortably  hot  when 
We  approach  a  fire  ? 

A.  Because  the  fire  radiates  heat  upon  the 
face,  which,  not  being  covered,  feels  the  ef- 
fect immediately. 

487«  Why  does  the  fire  heat  the  face  more  than  it  does 
the  rest  of  the  body  ? 

A.  Because  the  rest  of  the  body  is  covered 
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with  clothing,  which,  being  a  bad  conductor 
of  heat,  prevents  the  same  sudden  and  rapid 
transmission  of  heat  to  the  skin. . 

488«  Do  those  substances  which  radiate  heat  absorb 
heat  also  ? 

A.  Yes :  those  substances  which  radiate 
most  also  absorb  most  heat,  and  those  which 
radiate  least  also  absorb  least  heat. 

489«  Does  any  thing  else  radiate  heat  besides  the  sun 
and  fire  ? 

A.  Yes:  all  things  radiate  heat  in  some 
measure,  but  not  equally  well. 

490t  What  things  radiate  heat  the  next  best  to  the 
sun  and  fire  ? 

A.  All  dull  and  dark  substances  are  good 
radiators  of  heat,  but  all  light  and  polished 
substances  are  bad  radiators. 

49 1«  What  is  meant  by  being  a  "bad  radiator  of 
heat "  ? 

A.  To  radiate  heat  is  to  throw  off  heat  by 
rays,  as  the  sun  :  a  polished  tin  pan  does  not 
throw  off  the  heat  of  boiling  water  from  its 
surface,  but  retains  it. 

492«  Why  is  a  tin  pan  filled  with  hot  water  employed 
as  a  foot-warmer  ? 

A.  Because  polished  tin  (being  a  bad  radia- 
tor of  heat)  keeps  hot  a  very  long  time,  and 
warms  the  feet  resting  upon  it. 

493t  Why  would  the  tin  foot-warmer  get  cold  soonei 
if  the  polish  were  injured '( 
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A.  Bec**u&e  polished  tin  throws  off  its 
fleat  very  slowly;  bat  dull,  scratched, 
painted,  or  dirty  tin  thrown  off  its  heat  very 

quickly. 

IHt  Why  does  snow  at  the  foot  uf  a  hedge  or  wall 
melt  sooner  than  that  in  an  open  field  ? 

A.  Because  the  hedge  or  wall  radiates  heat 
into  the  snow  beneath,  which  melts  it. 

495.  How  is  hot  iron  cooled  hy  radiation  ? 

A.  While  its  heat  is  being  carried  off  by 
"convection,"  the  hot  iron  throws  off  heat  on 
all  sides  by  radiation  also. 

196*  Why  should  the  flues  connected  with  stoves,  &c. 
be  always  blackened  with  black-lead  ? 

A.  In  order  that  the  heat  of  the  flue  may 
be  more  readily  diffused  throughout  the  room. 
Black-lead  radiates  heat  more  freely  than  any 
1    other  known  substance. 

1m  beating  a  room  with  steam,  black  pipes  tend  to  cool  the  hot 

497*  Why  does  a  polished  metal  teapot  make  better 
i    tea  than  a  black  earthen  one  ? 

[  A.  Because  polished  metal  (being  a  very 
{  had  radiator  of  heat)  keeps  the  water  hot 
,?  much  longer;  and  the  hotter  the  water  is, 

'  Hie  better  it  "  draws"  the  tea. 

i 

r 

498t  Why  will  not  a  dull  black  teapot  make  good 
tea? 

A.  Because  the  heat  of  the  water  flies  off 
■    so  quickly  through  the  dull  black  surface  of 

10 
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the   teapot  that  the  water  is  very  rapidly 
cooled,  and  cannot  "draw"  the  tea. 

499#  Do  Dot  the  poorer  classes  generally  prefer  the 
little  black  earthen  teapot  to  the  bright  metal  one  ? 

A.  Yes;  because  they  set  it  near  the  fire 
"to  draw;"  in  which  case  the  little  black 
teapot  will  make  the  best  tea. 

5©0t  Why  will  a  black  teapot  make  better  tea  than  a 
bright  metal  one  if  it  be  set  near  the  fire  to  draw  ? 

A.  Because  the  black  teapot  will  absorb 
heat  plentifully  from  the  fire,  and  keep  the 
water  hot;  whereas  a  bright  metal  teapot 
set  near  the  fire  would  throw  off  the  heat  by 
reflection. 

501  •  Then  sometimes  a  black  earthen  teapot  is  the 
best,  and  sometimes  a  bright  metal  one  ? 

A.  Yes.  When  a  teapot  is  set  on  the 
stove  "  to  draw,"  black  earthen  is  the  best, 
because  it  absorbs  heat ;  but  when  a  teapot 
is  not  set  on  the  stove,  bright  metal  is  the 
best,  because  it  radiates  heat  very  slowly, 
and  therefore  keeps  the  water  hot. 

502.  Would  a  metal  pot  serve  to  keep  water  hot  if  it 
were  dull  and  dirty? 

A.  No.  It  is  the  bright  polish  of  the  metal 
which  makes  it  a  bad  radiator :  if  it  were 
dull,  scratched,  or  dirty,  the  heat  would  es- 
cape very  rapidly. 

Water  in  hot  weather  is  also  kept  cooler  in  bright  metal  thaa  in 
dull  or  earthen  vessels. 


r 


RADIATION.  HI 


*  SOS*  Why  are  dinner-covers  made  of  bright  tin  or 
hrer? 

A.  Because  light-colored  and  highly-polished 
ietal  is  a  very  bad  radiator  of  heat;    and 

>refore  bright  tin  or  silver  will  not  allow 
heat  of  the  cooked  food  to  escape  through 
ie  cover  by  radiation. 

■   584»  Why  should  a  meat-cover  be  very  brightly  po- 
tted? 

^  A.  To  prevent  the  heat  of  the  food  from 

ping  by  radiation.     If  a  meat-cover  be 

or  scratched,  it  will  absorb  heat  from  the 

beneath,  and,  instead  of  keeping  it  hot, 

e  it  cold. 

•        

£  M5«  Whvis  meat  very  subject  to  taint  on  a  moonlight 
&ht? 

A.  Because  it  radiates  heat  very  freely  on 
I  bright  moonlight  night;  in  consequence  of 
Which,  it  is  soon  covered  with  dew,  which  pro- 
bees  rapid  decomposition. 

Mi  How  do  moonlight  nights  conduce  to  the  rapid 
jwwth  of  plants  ? 

A.  Radiation  is  carried  on  very  rapidly  on 
bright  moonlight  nights ;  in  consequence  of 
which,  dew  is  very  plentifully  deposited  on 
foung  plants,  which  conduces  much  to  their 
growth  and  vigor. 

Atf.  Why  is  the  air  resting  on  the  surface  of  the  earth 
»Wer  than  thai  in  the  higher  regions '/ 

A  Because  the  earth  radiates  more  heat 
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than  the  leaves  of  lofty  trees,  and  therefore 
more  rapidly  condenses  and  freezes  the  vapor 
of  the  air. 

508  •  Why  are  shrubs  more  liable  to  be  frost-bitten 
than  trees  ? 

A.  Because  they  do  not  rise  far  above  the 
surface  of  the  earth ;  and,  as  the  air  contigu- 
ous to  the  earth  is  made  colder  by  radiation 
than  that  in  the  higher  regions,  the  low  shrub 
is  often  frost-bitten  when  the  lofty  tree  is  un- 
injured. 

SE0TI0H  V.-REFLE0TI0H. 
509i  What  is  meant  by  reflecting  heat  ? 

A.  To  reflect  heat  is  to  throw  it  back  in 
rays  from  the  surface  of  the  reflecting  body 
toward  the  place  whence  it  came. 

510i  What  are  the  best  reflectors  of  heat  ? 

A.  All  bright  surfaces  and  light  colors. 

51  It  Are  good  absorbers  of  heat  good  reflectors  also? 

A.  No :  those  things  which  absorb  heat 
best  reflect  heat  worst,  and  those  which  re- 
flect heat  worst  absorb  it  best. 

512«  Why  are  those  things  which  absorb  heat  unable 
to  reflect  it  ? 

A.  Because  if  a  substance  sucks  in  heat 
like  a  sponge,  it  cannot  throw  it  off  from  its 
surface ;  and  if  a  substance  throws  off  heat 
from  its  surface,  it  cannot  drink  it  in. 
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i\$»  Why  do  not  plate-warmers  blister  and  scorch  the 
I  Wood  behind  ? 

I  A.  Because  the  bright  tin  front  throws  the 
f..  feat  of  the  fire  back  again,  and  will  not  allow 
$  it  to  penetrate  to  the  wood  behind. 

-"    514*  If  metal  be  so  excellent  a  conductor  of  heat, 

[.-Inr  can  it  reflect  heat,  or  throw  it  off? 

r  #  ' 

?    A.  Polished  metal  is  a  conductor  of  heat 
:  only  when  that  heat  is  communicated  by  ac- 
tual contact;  but  whenever  heat  falls  upon 
bright  metal   in   rays,  it  is   reflected   back 
Igain,  and  the  metal  remains  cool. 

B15t  What  is  meant  by  "heat  falling  upon  metal  in 
J0g»"  and  not  "by  contact"  ? 

A.  If  a  piece  of  metal  were  thrust  into  a 
fire,  it  would  be  in  actual  contact  with  the 
foe;  but  if  it  were  held  before  a  fire,  the 
feat  of  the  fire  would  fall  upon  it  in  rays. 

6I60  What  is  the  use  of  the  tin  screen  or  reflector 
Wed  in  roasting  ? 

.  A.  It  throws  the  heat  of  the  fire  back  upon 
the  meat,  and  therefore  both  assists  the  process 
of  roasting  and  helps  to  keep  the  kitchen  cool. 

517f  How  does  a  tin  reflector  tend  to  keep  the  kitchen 
tool? 

A.  By  confining  the  heat  of  the  fire  to  the 
bearth,  and  preventing  its  dispersion  through- 
wit  the  kitchen. 

518t  Why  would  not  the  tin  reflector  do  as  well  if  it 
foe  painted  ? 

A.  Because  it  would  then  absorb  heat,  anc 

10* 
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not  reflect  it  at  all.  A  plate-warmer  should 
never  be  painted,  but  should  be  kept  very 
clean,  bright,  and  free  from  scratches. 

519*  Why  will  not  a  polished  tin  pan  bake  bread  so 
well  as  an  iron  one  ? 

A.  Because  the  bright  metal  reflects  the 
heat,  and  therefore  will  not  brown  the  crust 
which  surrounds  the  bottom  and  sides  of  the 
pan;  consequently,  the  top  of  the  bread 
would  be  burnt  before  the  bottom  and  sides 
of  the  loaf  were  brown. 

520*  How  may  a  new  tin  pan  be  made  to  bake  bread 
as  well  as  an  iron  one  ? 

A.  By  holding  it  for  a  time  over  the  flame 
of  a  candle,  until  the  outside  is  thoroughly 
blackened  :  it  would  then  absorb  heat  and 
brown  the  bread. 

52 1«  Why  should  the  top  of  a  kettle  be  clean  and  well 
polished  ? 

A.  Because  polished  metal  will  not  radiate 
heat ;  and  if  the  top  of  the  kettle  is  well 
polished,  the  heat  is  retained  and  not  suf- 
fered to  escape  by  radiation. 

522.  Why  will  a  kettle  be  slower  in  boiling  if  the 
bottom  and  sides  are  clean  and  bright? 

A.  Because  bright  metal  does  not  absorb 
heat,  but  reflects  it;  and,  as  the  heat  is 
thrown  off  from  the  surface  of  bright  metal 
by  reflection,  a  new  kettle  takes  a  longer 
time  to  boil. 
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523*  Why   is   light-colored   clothing    preferable   fot 
rammer-wear  ? 

A.  Because  light  colors  throw  off  the  heat 
of  the  sun  by  reflection,  and  are  very  bad 
absorbents  c  f  heat ;  in  consequence  of  which, 
they  never  become  so  hot  from  the  scorching 
sun  as  dark  colors  do. 

524#  Why  is  not  light-colored  clothing  worn  in 
winter? 

A.  Because  light  colors  will  not  absorb 
heat,  like  black  and  other  dark  colors ;  and 
therefore  white  or  light-colored  dresses  are 
not  so  warm  as  dark  ones. 

525*  Why  are  shoes  hotter  for  being  dusty  ? 

A.  Because  dull,  dusty  shoes  absorb  heat 
from  the  sun,  earth,  and  air;  but  shoes 
brightly  polished  throw  off  the  heat  of  the 
sun  by  reflection. 

SECTION  VI-ABSOBPTIOU. 

526*  What  is  the  difference  between  conducting  heat 
and  absorbing  heat  ? 

A.  To  conduct  heat  is  to  transmit  it  from 
one  body  to  another  through  a  conducting 
medium  :  to  absorb  heat  is  to  draw  it  up,  as 
a  sponge  sucks  up  water. 

527«  Give  an  example. 

A.  Black  cloth  absorbs,  but  does  not  con- 
duct,  heat:  thus,  if  black  cloth  be  laid  in 
the  sun,  it  will  absorb  the  rays  very  rapidly ; 
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but,  if  one  end  of  the  black  cloth  were  made 
hot,  it  would  not  conduct  the  heat  to  the 
other  end. 

528*  Arc  good  conductors  of  heat  good  absorben 
also? 

A.  No  :  every  good  conductor  of  heat  is  a 
bad  absorber  of  it ;  and  no  good  absorber  of 
heat  can  be  a  good  conductor. 

529#  Is  iron  a  good  absorber  of  heat? 

A.  No :  iron  is  a  good  conductor,  but  a 
very  bad  absorber,  of  heat. 

530«  Why  do  the  fire-irons  (which  lie  upon  a  fender) 
remain  cold,  although  they  are  before  a  good  fire? 

A.  Because  they  are  bad  absorbers  of  heat; 
in  consequence  of  which,  they  remain  cold, 
unless  they  come  in  contact  with  the  stove 
or  fire. 

531*  If  a  piece  of  brown  paper  be  submitted  to  the 
action  of  a  burning-glass,  it  will  catch  fire  much  sooner 
than  a  piece  of  white  paper  would :  explain  the  reason. 

A.  Because  white  paper  reflects  the  rays  of 
the  sun,  or  throws  them  back;  inconsequence 
of  which,  it  appears  more  luminous,  but  is  not 
so  much  heated  as  dark  brown  paper,  which 
absorbs  the  rays  and  readily  becomes  heated 
to  ignition. 

Besides,  brown  paper  is  of  a  looser  and  more  combustible  fabri< 

ri  white  paper. 
682t  Why  is  the  temperature  of  islands  more  equable 
n  that  of  continents  ? 

A.  Because  the  water  around  the  island 
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absorbs  the  extreme  heat  of  summer,  and 
gives  out  heat  to  mitigate  the  extreme  cold 
of  winter. 

j}3«  Islands  are  warmer  in  winter  than  continents: 
explain  the  reason  of  this. 

A.  Unless  the  sea  be  frozen,  (which  is 
rarely  the  case,)  it  is  warmer  than  the  frozen 
land ;  and  the  warmth  of  the  searair  helps  to 
mitigate  the  intense  cold  of  the  land-air. 

S34f  How  does  the  ceaseless  change  of  air  tend  to  de- 
crease the  warmth  of  a  naked  body  ? 

A.  The  air  which  surrounds  the  body  ab- 
sorbs as  much  heat  from  it  as  it  can  while  it 
remains  in  contact :  being  then  blown  away, 
it  makes  room  for  a  fresh  coat  of  air,  which 
absorbs  more  heat. 

535*  Does  the  air  which  surrounds  a  naked  body  be- 
come by  contact  as  warm  as  the  body  itself? 

A.  It  would  do  so  if  it  remained  motion- 
less; but,  as  it  is  continually  changing,  it 
absorbs  as  much  heat  as  it  can  in  the  time, 
and  passes  on. 

536*  Why  does  fanning  the  face  in  summer  make  it 
cool? 

A.  Because  the  fan  puts  the  air  in  motion, 
and  makes  it  pass  more  rapidly  oyer  the  face ; 
and,  as  the  temperature  of  the  air  is  always 
lower  than  that  of  the  human  face,  each 
puff  of  air  carries  off  some  portion  of  its 
heat. 
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537*  Does  a  fan  cool  the  air? 

A.  No :  it  makes  the  air  hotter,  by  imp; 
ing  to  it  the  heat  out  of  our  face ;  but  it  cc 
our  face,  by  transferring  its  heat  to  the  ai 

538*  Does  fanning  make  the  air  itself  cooler  ? 

A.  No  :  fanning  makes  the  air  hotter  j 
hotter. 

539*  How  does  fanning  the  face  increase  the  hea 
the  air  ? 

A.  The  air  absorbs  more  heat  by  be 
driven  rapidly  over  the  body :  each  curr 
becomes  heated,  and  flies  off  to  make  way 
another  cooler  current. 

540*  If  fanning  makes  the  air  hotter,  why  can  itn 
a  person  feel  cooler? 

A.  Because  the  air  absorbs  the  heat  of 
face. 

541  •  Why  is  broth  cooled  by  blowing  it  ? 

A.  Because  the  breath  causes  a  rapid  curr 
of  air  to  pass  over  the  broth ;  and,  as  the 
is  colder  than  the  broth,  it  continually 
sorbs  heat  from  it,  and  makes  it  cooler  i 
cooler. 

542#  Would  not  the  air  absorb  heat  from  the  b 
as  well  without  blowing  ? 

A.  No.     Air  is  a  very  bad  conductor : 
m9  therefore,  the  current  be  rapid,  the 
wrest  the  surface  of  the  broth  would  s< 
tome  as  hot  as  the  broth  itself. 
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SISi  Would  not  hot  air  part  with  its  heat  instantly  to 
the  circumjacent  air  ? 

A.  No,  not  instantly.  Air  is  so  bad  a 
conductor  that  it  parts  with  its  heat  very 
slowly :  unless,  therefore,  the  air  be  kept  in 
continual  motion,  it  will  cool  the  broth  very 

filowly. 
514*  Why  does  wind  generally  feel  cool  ? 

A.  Because  it  drives  the  air  more  rapidly 
over  our  body ;  and  this  rapid  current  of  air 
draws  off  a  large  quantity  of  heat. 

545#  Why  does  air  absorb  heat  more  quickly  by  being 
set  in  motion  ? 

A.  Because  air  is  a  bad  conductor,  and,  if 
at  rest,  would  soon  become  of  the  same  tem- 
perature as  our  bodies ;  but  every  fresh  gust 
of  air  absorbs  a  fresh  portion  of  heat ;  and 
the  more  rapid  the  succession  of  gusts,  the 
greater  will  be  the  quantity  of  heat  absorbed. 

546*  If  the  air  were  hotter  than  our  body,  would  the 
wind  feel  cool? 

A.  No  :  the  air  would  feel  insufferably  hot 
if  it  were  hotter  than  our  body. 

547i  Why  would  the  air  feel  intensely  hot  if  it  were 
wanner  than  our  body  ? 

A.  Because  it  would  add  to  the  heat  of  our 
body,  instead  of  diminishing  it. 

548t  Is  the  air  ever  as  hot  as  the  human  body  ? 

A.  In  some  climates  it  is ;  and,  when  that 
is  the  case,  the  heat  is  almost  insupportable. 
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5 It*  Why  4<y»s  a  kettle  boil  faster  when  the  bottom 
0h\  wUa  are  covered  with  soot  ? 

A.  Ik-cause  the  black  soot  absorbs  heat 
very  quickly  from  the  fire,  and  the  metal 
conducts  it  to  the  water. 

5S0#  Why  do  we  wear  white  linen  and  a  black  outer 
drfjjw  if  we  want  to  be  warm  ? 

A.  IJccauHe  the  black  outer  dress  quickly 
absorbs  heat  from  the  sun,  and  the  white 
linen,  being  a  bad  absorbent,  abstracts  no 
heat  from  the  warm  body. 

55 !•  What  colors  are  warmest  for  dresses  ? 

A.  For  outside  garments,  black  is  the  warm* 
ent,  and  then  such  colors  as  approach  nearest 
to  block,  (as  dark  blue  and  green.)  White  is 
the  coldest  color  for  external  clothing. 

552t  How  can  you  prove  that  dark  colors  are  warmer 
limn  light  onos '( 

A.  If  a  piece  of  black  and  a  piece  of  white 
cloth  In*  laid  upon  snow,  in  a  few  hours  the 
black  cloth  will  have  molted  the  snow  beneath; 
whereas  the  white  cloth  will  have  produced 
little  or  no  effect  upon  it. 

The  darker  an v  color  is,  the  warmer  it  is,  because  it  is  a  better  ab- 
»oi bout  of  hont.  The  order  may  be  thus  arranged: — 1.  Black,  (warm- 
ed of  all;)  2.  Violet;  H.  Indigo;  4.  Blue:  5.  Green;  6.  Red;  7. 
Yellow  ;  and.  S.  While,  i coldest  of  alU 


r 


5&S*  Why  arc  black  kul  gloves  unpleasantly  hot  for 
luoiMvcar* 

.  1st,  IVvauso  black   absorbs  the  solax 
;  and. 
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2d.  Kid  will  not  allow  the  heat  of  our 
hand  to  escape  readily  through  the  glove. 

554*  Why  are  Lisle-thread  gloves  agreeably  cool  for 
lummer-wear  ? 

A.  1st.  Because  thread  absorbs  perspira- 
tion; and, 
2d.  It  conducts  away  the  heat  of  our  hot 

hands. 

5S5i  Are  Lisle-thread  gloves  absorbents  of  heat  ? 

A.  No :  Lisle-thread  gloves  are  generally 
of  a  gray  or  lilac  color,  and  therefore  do  not 
absorb  solar  heat. 

S56t  Why  does  hoar-frost  remain  on  tombstones  long 
ifter  it  has  melted  from  the  grass  and  gravel- walks  of  a 
drorchyard  ? 

A.  Because  tombstones,  being  white,  will 
»ot  absorb  heat,  like  the  darker  grass  and 
gravel;  in  consequence  of  which,  they  re- 
main too  cold  to  thaw  the  frost  congealed 
upon  their  surface. 

S57t  If  black  absorbs  heat,  why  have  negroes  black 
duns,  and  not  white  skins,  which  would  not  absorb  heat 
at  all? 

A.  Because  black  will  not  blister  from  the 
-  heat  of  the  sun.  Although,  therefore,  the 
Mack  skin  of  the  negro  absorbs  heat  more 
plentifully  than  the  white  skin  of  a  European, 
yet  the  blackness  prevents  the  sun  from  blis- 
tering or  scorching  it. 

11 
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558t  How  is  it  known  that  the  black  color  prevents 
the  sun  from  either  blistering  or  scorching  the  skin  ? 

A.  If  you  put  a  white  glove  on  one  hand 
and  a  black  glove  on  the  other  when  the  sun 
is  burning  hot,  the  hand  with  the  white  glove 
will  be  scorched,  but  not  the  other. 

559*  Which  hand  will  feel  the  hotter  ? 

A.  The  hand  with  the  black  glove  will 
feel  the  hotter,  but  will  not  be  scorched  by 
the  sun ;  whereas  the  hand  with  the  white 
glove,  though  much  cooler,  will  be  severely 
scorched. 

580»  Why  is  the  skin  of  a  negro  never  scorched  or 
blistered  by  the  hot  sun  ? 

A.  Because  the  black  color  absorbs  the 
heat,  conveys  it  below  the  surface  of  the 
skin,  and  converts  it  into  sensible  heat  and 
perspiration. 

561*  Why  does  the  white  European  skin  blister  and 
scorch  when  exposed  to  the  hot  sun  ? 

A.  Because  white  will  not  absorb  heat, 
and  therefore  the  hot  sun  rests  on  the  sur- 
face of  the  skin  and  scorches  it. 

562*  Why  is  water  in  hot  weather  kept  cooler  in  a 
bright  tin  vessel  than  in  an  earthen  one  ? 

A.  Because  bright  metal  will  not  absorb 
*at  from  the  hot  air  like  an  earthen  vessel; 

consequence  of  which,  the  water  is  kept 

ler. 
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563*  In  what  state  should  a  saucepan  be  in  order  that 
it  may  boil  quickly? 

A.  All  those  parts  which  come  in  contact 
with  the  fire  should  be  covered  with  soot,  or 
be  black,  in  order  to  absorb  heat;  but  all 
the  rest  of  the  saucepan  should  be  as  bright 
as  possible,  to  prevent  the  escape  of  heat  by 
radiation. 


CHAPTER  IV.— MECHANICAL  ACTION. 

SEOTIOH  I.-PEB0USSI0N. 
564*  How  is  heat  produced  by  mechanical  action  ? 

A.  1.  By  Percussion ;  2.  By  Friction;  and, 
3.  By  Condensation,  or  Compression. 

565*  What  is  meant  by  percussion  ? 

A.  The  act  of  striking ;  as  when  a  black- 
smith strikes  a  piece  of  iron  on  his  anvil  with 
his  hammer. 

566.  Why  does  striking  iron  make  it  red-hot  ? 

A.  Because  it  condenses  the  particles  of 
the  metal,  and  makes  the  latent  heat  sensible. 

567i  Does  cold  iron  contain  heat  ? 

A.  Yes :  every  thing  contains  heat ;  but 
when  a  thing  feels  cold,  its  heat  is  latent. 

568*  What  is  meant  by  latent  heat  ? 

A.  Heat  not  perceptible  to  our  feelings. 
When  any  thing  contains  heat  without  feeling 
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the  hotter  for  it,  that  heat  is  called  "  latent 
heat." 

569*  Does  cold  iron  contain  latent  heat  ? 

A.  Yes ;  and  when  a  blacksmith  compresses 
the  particles  of  iron  by  his  hammer,  he  brings 
out  latent  heat,  and  this  makes  the  iron  red-hot. 

570*  How  did  blacksmiths  light  their  matches  before 
the  general  use  of  lucifers  ? 

A.  They  used  to  place  a  soft  iron  nail  upon 
their  anvil,  strike  it  two  or  three  times  with 
a  hammer,  and  the  point  became  sufficiently 
hot  to  light  a  brimstone  match. 

571*  How  can  a  nail  beaten  by  a  hammer  ignite  a 
brimstone  match  ? 

A.  The  particles  of  the  nail,  being  com- 
pressed by  the  hammer,  can  no  longer  con- 
tain so  much  heat  in  a  latent  state  as  they 
did  before:  some  of  it,  therefore,  becomes 
sensible,  and  increases  the  temperature  of 
the  iron. 

572«  Why  does  striking  a  flint  against  a  piece  of  steel 
produce  a  spark  ? 

A.  Because  it  compresses  those  parts  of 

the  flint  and  steel  which  strike  together ;  in 

consequence  of  which,  some  of  their  latent 

heat  is  disturbed,   and  exhibits  itself  in  a 

oark. 

573#  How  does  this  development  of  heat  produce  a 
rk  and  set  tinder  on  fire  ? 

A  very  small  fragment  either  of  the 
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steel  or  flint  is  knocked  off  red-hot,  and  sets 
fire  to  the  tinder  on  which  it  falls. 

574*  Why  is  it  needful  to  keep  blowing  the  tinder 
with  the  breath  ? 

A.  In  order  that  the  increased  supply  of 
air  may  furnish  the  tinder  with  more  oxygen 
to  assist  combustion. 

575*  Why  do  horses  sometimes  strike  fire  with  their 
feet? 

A.  Because,  when  their  iron  shoes  strike 
against  the  flint-stones  of  the  road,  very  small 
fragments  either  of  the  shoes  or  stones  are 
knocked  off  red-hot. 

576*  What  makes  these  fragments  red-hot  ? 

A.  The  percussion  condenses  the  part 
struck ;  in  consequence  of  which,  some  of  its 
latent  heat  is  rendered  sensible,  and  exhibits 
itself  in  these  red-hot  fragments. 


SECTION  H-FBICTION. 
577»  What  is  meant  by  friction  ? 

A.  The  act  of  rubbing  two  things  together; 
as  the  Indians  rub  two  pieces  of  wood  together 
to  produce  fire. 

578#  How  do  the  Indians  produce  fire  by  merely  rub- 
bing two  pieces  of  wood  together  ? 

A.  They  take  a  piece  of  dry  hard  wood 
sharpened  to  a  point,  which  they  rub  quickly 
up  and  down  a  flat  piece  of  soft  wood  till  a 
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groove  is  made ;  and  the  dust  collected  in  this 
groove  catches  fire. 

579#  Why  does  the  dust  of  the  wood  catch  fire  by 
rubbing  ? 

A.  Because  latent  heat  is  developed  from 
the  wood  by  friction. 

The  best  woods  for  this  purpose  are  boxwood  against  mulberry,  or 
laurel  against  poplar  or  ivy. 

580*  Do  not  carriage-wheels  sometimes  catch  fire  ? 

A.  Yes ;  when  the  wheels  are  dry,  or  fit 
too  tightly,  or  revolve  very  rapidly. 

58  !•  Why  do  wheels  catch  fire  in  such  cases? 

A.  Because  the  friction  of  the  wheels  against 
the  axle-tree  disturbs  their  latent  heat,  and 
produces  ignition. 

582«  What  is  the  use  of  greasing  cart-wheels  ? 

A.  Grease  lessens  the  friction ;  and  because 
there  is  less  friction  the  latent  heat  of  the 
wheels  is  less  disturbed. 

583*  Why  does  rubbing  our  hands  and  faces  make 
them  feel  warm? 

A.  1st.  Because  friction  excites  the  latent 
heat  of  our  hands  and  faces,  and  makes  it 
sensible  to  our  feeling;  and, 

2d.  The  blood  is  made  to  circulate  more 
quickly ;  in  consequence  of  which,  the  quan- 

r  of  heat  left  in  its  passage  is  increased. 

)84.  When  a  man  has  been  almost  drowned,  why  is 
landed  animation  restored  by  rubbing  ? 
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A.  1st.  Because  friction  excites  the  latent 
heat  of  the  half-inanimate  body ;  and, 

2d.  It  makes  the  blood  circulate  more 
quickly,  which  increases  the  animal  heat. 

585.  Why  do  two  pieces  of  ice  rubbed  together  melt  f 

A.  Ice  contains  140°  of  latent  heat ;  and 
when  two  pieces  are  rubbed  together  some  of 
this  latent  heat  is  made  sensible,  and  melts 
the  ice. 

586*  Why  do  carpenters'  tools  (such  as  gimlets,  saws, 
files,  &c.)  become  hot  when  used  ? 

A.  Because  the  friction  of  the  tools  against 
the  wood  disturbs  its  latent  heat,  and  makes 
it  sensible. 

587#  Give  an  illustration  of  this. 

A.  When  a  cannon  is  bored,  the  borers  be- 
come so  intensely  hot  from  friction  that  they 
would  blister  the  hands  if  touched. 

588#  Why  do  these  borers  become  intensely  hot  ? 

A.  Because  the  friction  of  the  borers  against 
the  metal  is  so  great  that  it  sets  free  a  large 
quantity  of  latent  heat. 

589»  Why  does  a  wet  sponge  clean  a  slate  ? 

A.  Because  the  water  holds  in  solution  the 
pencil-marks  made  on  the  slate,  and  the  me- 
chanical friction  employed  in  wiping  the  slate 
detaches  the  particles  of  pencil-dust. 
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SECTION  m.-CONDENSATIOff  OS  COMPRESSION. 
590«  What  is  meant  by  compression  ? 

A.  The  act  of  bringing  parte  nearer  toge- 
ther,  as  a  sponge  is  compressed  by  being 
squeezed  in  the  hand. 

The  reduction  of  matter  into  a  smaller  compass  by  an  external  or 
mechanical  force  is  called  Compression. 

The  reduction  of  matter  into  a  smaller  compass  by  some  internal 
action  (as  by  the  escape  of  caloric)  is  called  Condensation. 

59 1«  Cannot  heat  be  evolved  from  common  air  merely 
by  compression  ? 

A .  Yes  :  if  a  piece  of  tinder  be  placed  at 
the  bottom  of  a  glass  tube,  and  the  air  in  the 
tube  compressed  by  a  piston,  the  tinder  will 
catch  fire. 

In  a  common  syringe  or  squirt,  the  rod  (which  holds  the  sucker 
and  is  forced  up  and  down)  is  called  "  the  piston/' 

592«  Why  will  the  tinder  catch  fire  ? 

A.  Because  the  air  is  compressed ;  and  its 
latent  heat,  being  liberated,  sets  fire  to  the 
tinder  at  the  bottom  of  the  tube. 

593*  When  an  air-gun  is  discharged  in  the  dark,  why 
is  the  discharge  accompanied  with  a  slight  flash  ? 

A.  Because  the  air  is  very  rapidly  condensed, 
and  its  latent  heat  developed  in  a  flash  of 
light. 

If  a  glass  lens  be  fixed  in  the  copper  ball  where  the  air  of  the  gun 
Is  condensed,  a  flash  of  light  may  be  distinctly  discerned  at  the  stroke 
of  the  piston. 

594i  Why  does  the  hole  made  by  a  shot  or  cannon- 
tall  in  a  wall  or  timber  look  as  if  it  were  burnt  ? 

A.  Because  the  shot  or  cannon-ball  was  so 
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heated  by  the  discharge  as  actually  to  scorch 
the  material  into  which  it  penetrated. 

595*  Why  are  shot  and  cannon-balls  heated  by  being 
discharged  from  a  gun  or  cannon  ? 

A.  Because  the  air  is  so  rapidly  condensed 
when  the  discharge  is  made  that  sufficient 
latent  heat  is  developed  to  make  the  shot  or 
balls  hot. 


PART  II 

NON-METALLIC  ELEMENTS. 


596*  What  is  meant  by  non-metallic  elements  ? 
A.  Those  elementary  bodies  which  do  not 
belong  to  the  class  of  metals. 

Elementary  bodies  are  those  which  have  never  been  decomposed; 
that  is,  do  not  appear  to  be  composed  of  any  compounds,  but  are  pure 
substances  in  themselves.  At  present  there  are  reckoned  fifteen  non- 
metallic  elementary  substances  and  forty-seven  which  belong  to  the 
class  of  metals. 


CHAPTER   I.— OXYGEN  AND   OXIDES. 

597*  What  is  the  difference  between  oxygen  and  an 
oxide  ? 

A.  Oxygen  is  a  gas,  and  an  oxide  is  a  com- 
pound formed  by  the  union  of  oxygen  with 
other  bodies. 

SECTION  L-OXYGEN. 
£08«  What  is  oxygen  ? 

A.  A  gaseous  body,  which  is  found  largely 
diffused  throughout  all  nature,  being  an  im- 
portant elementof  air  and  water,  rocks,  earths, 
minerals,  &c. 

The  name  acta  is   given  to  any  fluid  capable  of  existing  in  an  aeri- 
jftrm  state  under  ordinary  atmospheric  pressure  and  temperature. 
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599*  When,  and  by  whom,  was  oxygen  discovered  ? 

A.  It  was  discovered  in  1774,  by  Scheele, 
in  Sweden,  and  Dr.  Priestley,  in  England,  in- 
dependent of  each  other.  They  described  it 
under  different  names. 

600*  Who  gave  it  the  name  of  oxygen  ?  and  what  is 
the  signification  of  the  word  ? 

A.  Lavoisier  gave  it  the  name,  which  is 
derived  from  two  Greek  words :  o%vg9  (oxus,) 
an  acid,  and  yewac*,  (gennao,)  I  produce. 

This  name  was  given  to  it  because  it  was  then  thought  to  be  the 
sole  acidifying  principle.  Modern  discoveries  have  rectified  this 
error,  by  proving  the  existence  of  acids  in  the  composition  of  which 
there  is  no  oxygen. 

601*  Is  oxygen  ever  found  in  a  liquid  or  solid  state? 

A.  No :  when  pure,  it  is  known  only  in 
the  gaseous  state :  all  efforts  to  reduce  it  to  a 
liquid  or  solid  condition  by  cold  or  pressure 
have  completely  failed. 

602*  Has  oxygen  any  taste  or  smell  ? 

A.  It  is,  when  pure,  colorless,  tasteless,  and 
inodorous. 

60S*  Of  what  use  is  oxygen  in  the  atmosphere  ? 

A.  It  sustains  animal  life  and  supports 
combustion. 

Oxygen  gas  forms  one-fifth  of  the  bulk  of  our  atmosphere. 

(04*  Why  do  we  feel  braced  and  light-hearted  on  a 
fine  spring  or  frosty  morning  ? 

A.  1st.  Because  there  is  more  oxygen  in 
the  air  on  a  fine  spring  or  frosty  morning 
than  there  is  on  a  wet  day ;  and, 
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2d.  A  brisk  and  frosty  air  has  a  tendency 
to  brace  the  nervous  system. 

605*  Is  oxygen  necessary  to  the  growth  of  plants  ? 

A.  It  is:  in  the  process  of  germination 
oxygen  is  consumed.  The  larger  the  quan- 
tity of  oxygen  that  surrounds  a  germinating 
seed,  the  quicker  will  be  its  growth. 

608*  W  hat  is  meant  when  it  is  said  that  the  oxygen 
of  the  air  "  supports  combustion"  ? 

A.  It  means  that  the  oxygen  of  the  air 
makes  fuel  burn. 

607*  How  does  the  oxygen  of  the  air  make  fuel  burn  ? 

A.  The  fuel  is  decomposed  by  heat  into 
hydrogen  and  carbon;  and  these  elements, 
combining  with  the  oxygen  of  the  air,  pro- 
duce combustion. 

608*  What  are  the  uses  of  the  oxygen  of  the  air? 

A.  To  support  combustion  and  sustain  ani- 
mal and  vegetable  life. 

609*  What  is  meant  when  it  is  said  that  oxygen 
"sustains  life''  ? 

A.  It  means,  if  a  person  could  not  inhale 
oxygen,  he  would  die. 

610*  What  good  does  this  inspiration  of  oxygen  do? 

A.  1st.  It  gives  vitality  to  the  blood; 
and, 

2d.  It  is  the  cause  of  animal  heat. 

Whenever  oxygen  combines!  very  rapidly  with  other  elementary 
bodies,  light  and  heat  are  evolved. 
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bbotioh  n.— oxides. 

(11.  What  are  oxides  ? 

A.  The  compounds  formed  by  the  union 
of  oxygen  with  other  bodies  bear  the  general 
name  of  oxides. 

613,  Whatisrost? 

A.  The  oxidation  of  iron  in  moist  air. 

"Oxidation,"  impregnation  with  oxygen. 

til 3.  Why  does  iron  rust? 

A.  Because  water  is  decomposed  when  it 
comes  in  contact  with  the  surface  of  iron : 
and  the  oxygen  of  the  water,  combining  with 
iron,  produces  an  oxide,  which  is  generally 
called  rust. 


614.  Why  does  air  rust  iron? 

A.  Because  the  oxygen  of  the  air  combines 
With  the  surface  of  the  metal  and  produces 
1  oxide   of   iron,   which    is   generally   called 
"rust." 


wppor, 
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i,  copper,  Ac.  is  oxygen  in  combination  with  iron, 

615.  Does  iron  rnst  in  dry  air  ? 

A.  No :  iron  undergoes  no  change  in  dry 

It  Why  does  hot  iron  scale  and  peel  off  when  struct 
.  hammer? 

Because  the  oxygen  of  the  air  very 
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readily  unites  with  the  surface  of  the  hot 
iron,  and  forms  a  metallic  oxide,  (or  rust,) 
which  scales  off  when  struck  with  a  hammer. 

617*  Why  do  stoves  and  fire-irons  become  rusty  in 
rooms  which  are  not  occupied  ? 

A.  Because  the  air  is  damp ;  and  moist  air 
oxidizes  iron  and  steel. 

"  Oxidizes ;"  that  is,  rusts. 

618*  In  what  part  of  the  year  is  it  most  difficult  to 
keep  stoves  and  fire-irons  bright  1 

A.  In  autumn  and  winter,  because  in  those 
seasons  the  air  contains  more  moisture. 

619*  Why  is  it  more  difficult  to  keep  stoves  and  fire- 
irons  bright  in  autumn  and  winter  than  in  spring  and 
Bummer  ? 

A.  Because  the  capacity  of  the  air  for  hold- 
ing water  is  constantly  on  the  decrease  after 
the  summer  is  over;  in  consequence  of  which, 
vapor  is  deposited  on  every  thing  with  which 
the  air  comes  in  contact. 

020*  Why  does  greasing  iron  prevent  its  becoming 
rusty  ? 

A,  Because  grease  prevents  the  humidity 
of  the  air  from  coming  in  contact  with  the 
Hurfaoo  of  the  iron. 

021*  Why  does  painting  iron  prevent  it  from  rusting? 

A.  Because  paint  prevents  the  moist  air 
n  coming  in  contact  with  the  iron. 
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622*  Why  will  bright  iron  lose  its  polish  by  being 
put  into  a  fire  ? 

A.  Because  the  oxygen  of  the  air  very  rea- 
dily unites  with  the  surface  of  hot  iron,  and 
forms  a  metallic  oxide,  which  displays  itself, 
in  this  case,  by  a  dull  leaden  color,  instead 
of  a  red  rust. 

623t  Why  do  not  stoves  rust  so  frequently  as  pokers 
and  tongs  ? 

A.  Because  stoves  are  generally  covered 
with  plumbago,  or  black-lead. 

624e  What  is  plumbago,  or  black-lead  ? 

A.  A  mixture  of  charcoal  and  iron. 

Plumbago,  strictly  speaking,  is  a  chemical  union  of  carbon  and 
iron,  in  the  following  proportions : — 91  parts  carbon  and  9  iron.  But 
the  black-lead  sold  in  shops  is  a  mixture  of  charcoal  and  iron-filings. 

A  most  excellent  varnish  to  prevent  rust  is  made  of  one  pint  of  fat- 
oil  varnish,  mixed  with  five  pints  of  highly-rectified  spirits  of  turpen- 
tine, rubbed  on  the  iron  or  steel  with  a  piece  of  sponge.  This  varnish 
may  be  applied  to  bright  stoves,  and  even  mathematical  instruments, 
without  injuring  their  delicate  polish. 

625*  Why  does  ornamental  steel  of  a  purple  or  lilac 
color  rust  more  readily  than  polished  white  steel  ? 

A.  Because  the  lilac  tinge  is  produced  by 
partial  oxidation;  and  the  process  which 
forms  rust  has,  therefore,  already  commenced. 

626t  How  can  lilac  steel  he  kept  free  from  rust  ? 

A.  By  keeping  it  in  a  very  dry  place. 

627*  If  dry  air  contains  oxygen,  why  does  it  not  rust 
iron  as  well  as  moist  air  ? 

A.  Because  moisture  is  always  needed  in 
order  to  bring  into  action  the  affinity  of 
oxygen  for  steel. 
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When  a  black  subsoil  is  dug  or  ploughed  up,  it 
turns  of  a  reddish-brown  color  after  a  short  time :  why  is 

tins? 

A.  Because  the  soil  contained  a  certain  com- 
pound of  iron,  called  the  "protoxide,"  which 
is  black:  this  protoxide  of  iron,  absorbing 
more  oxygen  from  the  moist  air,  is  converted 
into  another  compound,  called  the  "  peroxide 
of  iron/"  which  is  of  a  reddish,  rusty  color. 


TWtn  an  tv»  eTiiiaw  «f  iron, — one  containing  more  oxygen  than 
la*  otfear.  TW  protoxide,  whick  contains  the  least  oxygen,  is  black ; 
da*  pertxide,  wnica  contains  the  aMet  oxygen,  is  red. 


C29«  Bo  any  other  metals  besides  iron  combine  rapidly 
with  oxygen? 

A*  Tes ;  copper,  lead,  mercury,  and  even 
silver  to  some  extent. 

CS#*  Why  does  copper  tarnish  ? 

A.  The  tarnish  of  copper  is  caused  by  its 
oxidation ;  that  is,  the  oxygen  of  the  air  com- 
bines with  the  surface  of  the  copper  and  covers 
it  with  a  dark  tarnish. 

6SI*  Why  does  lead  become  darker  by  being  exposed 
to  the  air  ? 

A.  Because  the  vapor  of  the  air  combines 
with  the  lead,  and  oxidizes  its  surface ;  but, 
instead  of  becoming  rusty,  the  surface  assumes 
a  darker  hue. 

632*  Why  does  lead  lose  its  brightness  and  become 
dull  by  being  exposed  to  the  air  ? 

A.  The  dulness  of  the  lead  is  caused  by  the 
mce  of  a  carbonate  of  the  oxide.     When 
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the  oxide  is  formed,  it  attracts  carbonic  acid 
from  the  air,  and,  combining  with  it,  produces 
a  carbonate,  which  gives  the  dull  tint  to  old 
lead. 

633i  Why  is  it  difficult  to  keep  silver  bright  ? 

A.  Because  the  vapor  of  the  air  oxidizes 
its  surface,  and  tarnishes  it. 

634t  Why  does  salt  turn  silver  black  ? 

A.  Because  it  precipitates  an  oxide  of 
silver  on  the  surface  of  the  spoon,  the  color 
of  which  is  black. 

"Marking-ink"  is  made  of  soda  and  the  nitrate  of  silver, — the 
black  mark  being  due  to  the  oxide  precipitated  on  the  cloth. 

635e  How  can  the  black  stain  of  silver  made  by  salt 
be  removed  ? 

A.  By  washing  the  silver  in  hartshorn  or 
common  ammonia :  by  this  means  the  oxide 
will  be  re-dissolved,  and  the-  blackness  en- 
tirely disappear. 

636t  Why  do  silver  teapots  and  spoons  tarnish  more 
quickly  than  pure  silver  ? 

A.  Because  alloy  of  some  baser  metal  is 
used,  to  make  them  more  hard  and  lasting; 
and  this  alloy  oxidizes  more  quickly  than 
silver  itself. 

687 1  Why  does  German  silver  turn  a  dingy  yellow  in 
a  few  hours  ? 

A.  Because  German  silver  has  a  great 
affinity  for  oxygen,  and  shows  its  oxidation 
by  a  sickly  yellow  tarnish,  instead  of  rust. 

12* 
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It  If  quicksilver  (or  mercury)  will  tarnish  like 
copper  and  lead,  why  does  it  preserve  its  brilliancy  in 
barometers  and  thermometers  ? 

A.  Because  the  air  is  excluded;  and  no 
moisture  can  come  in  contact  with  it  to 
oxidize  (or  tarnish)  it. 

tS9«  Is  gold  affected  by  the  atmosphere? 

A.  Not  readily :  gold  will  never  combine 
with  oxygen  of  itself,  (that  is,  without  aid.) 

640e  Which  of  the  metals  is  capable  of  resisting 
oxidation  altogether  ? 

A.  Platinum;  in  consequence  of  which, 
the  graduated  arcs  of  delicate  "  instruments 
for  observation"  are  made  of  platinum  in 
preference  to  any  other  metal,  and  because 
it  never  rusts  it  is  used  for  points  to  light- 
ning-rods. 

641*  Why  is  platinum  used  for  the  graduated  arcs  of 
delicate  mathematical  instruments,  rather  than  any  other 
metal  ? 

A.  Because  it  will  never  oxidize,  but  re- 
tains its  bright  surface  in  all  weathers,  free 
1*11)111  rust  and  tarnish. 

642*  K*>r  what  other  scientific  purpose  is  platinum 
now  used  ? 

A.  For  crucibles  in  which  acids  are  em- 
ployed,  and  for  galvanic  batteries. 

013*  Why  arc  crucibles  in  which  acids  are  employed 
mit<l«  «>f  platinum? 

A.   Because  the  acid  would  act  upen  other 
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metals,  or  upon  glass,  and  prevent  the  ex- 
perimenter's success. 

644*  Before  platinum  was  discovered,  which  of  the 
metals  was  employed  for  the  same  purpose  ? 

A.  Gold. 

Platinum,  (a  white  metal,)  so  called  from  "plata,"  the  Spanish 
word  for  silver.  It  was  introduced  from  South  America  into  England 
by  Mr.  Wood,  a.d.  1749. 

645*  Which  of  the  metals  have  the  greatest  affinity 
for  oxygen  ? 

A.  Those  called  potassium  and  sodium. 

Potas'sium  and  so'dium  derive  their  names  from  potash  and  soda. 
Potas'sa  is  the  oxide  of  potassium :  soda  is  the  oxide  of  sodium. 

646e  How  is  the  affinity  of  potassium  and  sodium  for 
oxygen  shown  ? 

A.  They  decompose  water  as  soon  as  they 
are  brought  into  contact  with  it. 

647t  What  effect  has  potassium  on  water  ? 

A.  It  catches  fire  the  moment  it  is  thrown 
into  water,  and  burns  with  a  vivid  flame 
which  is  still  further  increased  by  the  com- 
bustion of  hydrogen,  separated  from  the 
water. 

Water  is  composed  of  oxygen  and  hydrogen ;  and  potassium  sepa- 
rates the  two  gases. 

(48*  What  effect  has  sodium  on  water  ? 

A.  It  does  not  take  fire  as  potassium  does, 
but  undergoes  very  rapid  oxidation. 
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CHAPTER  II.— HYDROGEN  AND  WATER. 

649*  What  is  the  distinction  between  hydrogen  and 
water  ? 

A.  Hydrogen  is  an  inflammable  gas ;  and 
water  is  composed  of  hydrogen  and  oxygen. 

SECTION  L-HYDBOGEN. 
650*  What  is  hydrogen  ? 

A.  An  inflammable  gas.  The  gas  used 
in  our  streets  is  hydrogen  driven  out  of  coal 
by  heat.  Hydrogen  is  the  principal  ingre- 
dient of  water. 

Coal-gas  (properly  speaking)  is  carburetted  hydrogen ;  that  is,  car- 
bon and  hydrogen. 

Hydrogen  derives  its  name  from  two  Greek  words,  Hop,  (udor,) 
water,  and  ytwata,  (gennao,)  I  produce. 

651*  When  was  hydrogen  gas  discovered  ? 

A.  It  was  discovered  in  the  sixteenth 
century,  by  Paracelsus,  a  Swiss  philosopher, 
but  was  first  investigated  by  Henry  Caven- 
dish in  the  year  1781. 

652*  Has  hydrogen  any  taste  or  color  ? 

A.  It  has,  when  pure,  neither  taste,  color, 
nor  smell.  When  it  has  any  odor,  it  arises 
from  impurities. 

653»  Does  hydrogen  support  life  ? 

A.  No  :  it  destroys  it,  rather  by  excluding 
oxygen  than  by  its  own  injurious  effects. 
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654#  Does  hydrogen  gas,  like  oxygen,  support  com- 
bustion  ? 

A.  No  :  it  is  highly  combustible,  but  does 
not  support  combustion.  Uniting  with  oxy- 
gen it  forms  water. 

655#  What  are  the  peculiar  characteristics  of  hy« 
drogen  gas  ? 

A.  1st.  It  is  the  lightest  of  all  known 
substances ; 

2d.  It  will  burn  with  a  very  pale  flame, 
forming  water  by  uniting  with  the  oxygen 
of  the  air ; 

3d.  A  lighted  candle  immersed  in  this  gas 
will  be  instantly  extinguished.* 

656*  For  what  uses  is  hydrogen  gas  employed  ? 

A.  1st.  Owing  to  its  lightness,  it  is  used 
to  inflate  balloons ;  and, 

2d.  Burned  with  oxygen  it  is  used  in  the 
hydrogen  blowpipe. 

657»  What  is  a  blowpipe  ? 

A.  A  tube,  usually  bent  near  the  end, 
terminated  with  a  finely-pointed  nozzle,  for 


*  Hydrogen  gas  may  be  made  thus : — Pat  some  pieces  of  zino  or 
iron  filings  into  a  glass ;  ponr  over  them  a  little  sulphuric  acid  (vitriol) 
diluted  with  twice  the  quantity  of  water;  then  cover  the  glass  over 
for  a  few  minutes,  and  hydrogen  gas  will  be  given  off. 

Experiments. — If  a  flame  be  put  into  the  glass,  an  explosion  will 
take  place. 

If  the  experiment  be  tried  in  a  phial  which  has  a  piece  of  tobacco- 
pipe  ran  through  the  cork,  and  a  light  be  held  a  few  moments  to  the 
top  of  the  pipe,  a  flame  will  be  made. 

If  ft  balloon  be  held  over  the  phial,  so  that  the  gas  can  inflate  it, 
the  balloon  will  ascend  in  a  very  few  minutes. 
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blowing  through  the  flame  of  a  lamp  or  gas- 
jet,  and  producing  thereby  a  small  conical 
flame  possessing  very  intense  heat. 

658*  Describe  the  hydrogen  blowpipe. 

A.  A  mixture  of  oxygen  and  hydrogen, 
when  ignited,  produces  an  intense  heat,  and 
constitutes  the  hydrogen  blowpipe. 

659«  Who  invented  the  hydrogen  blowpipe  ? 

A.  Dr.  Hare,  of  Philadelphia. 

660*  Describe  the  Drummond  light. 

A.  It  is  the  ignited  flame  of  a  mixture  of 
oxygen  and  hydrogen,  projected  against  lime ; 
the  lime  becomes  intensely  luminous,  and 
forms  the  well-known  Drummond  light. 

SECTION  IL-WATEE. 

661.  What  is  water? 

A.  Water  is  a  fluid,  composed  of  oxygen 
and  hydrogen,  in  the  proportion  of  eight 
parts  of  oxygen  to  one  part  of  hydrogen. 

662.  Why  is  water  fluid  ? 

A.  Because  its  particles  are  kept  separate 
by  latent  heat :  when  a  certain  quantity  of 
this  latent  heat  is  driven  out,  water  becomes 
Bolid,  and  is  called  ice. 

By  increasing  its  latent  heat  the  particles  of  water  are  again  sub- 
divided into  invisible  steam. 

663 1  Is  water  generally  diffused  throughout  organic 
bodies  ? 

A.  It  is.     The  sea  covers  nearly  three* 
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fourths  of  the  earth's  surface;  the  air  is 
impregnated  with  water  in  the  form  of 
vapor;  and  water  enters  into  the  compo- 
sition of  all  plants,  animals,  and  even  of 
some  minerals. 

664  ■  Has  pure  water  any  taste  or  smell  ? 

A.  It  has  neither;  and  when  viewed  in 
small  quantities  it  is  colorless,  but  in  a  large 
mass  it  has  a  bluish  tint. 

665 ■  What  peculiar  properties  belong  to  water  ? 

A.  It  is  a  conductor  of  electricity,  and 
possesses  the  power  of  dissolving  many  sub- 
stances. 


Is  water  ever  found  in  a  state  of  perfect  purity  ? 

A.  No :  even  rain  and  snow  contain  the 
various  gases  of  the  atmosphere. 

667  ■  What  is  meant  by  hard  water  ? 

A.  Water  in  which  the  salts  of  lime  and 
other  substances  have  been  dissolved. 

668*  Why  is  pump-water  called  hard  water  ? 

A.  Because  it  is  laden  with  foreign  matters, 
and  will  not  readily  dissolve  substances  im- 
mersed in  it. 

669.  What  makes  pump- water  hard  ? 

A.  When  it  filters  through  the  earth,  it 
becomes  impregnated  with  sulphate  of  lime, 
and  many  other  impurities  from  the  earths 
and  minerals  with  which  it  comes  in  contact. 
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67#»  What  is  the  cause  of  mineral  springs  ? 

A.  When  water  trickles  through  the 
ground,  it  dissolves  some  of  the  substances 
with  which  it  comes  in  contact :  if  these  sub- 
stances are  metallic,  the  water  will  partake 
of  their  mineral  character. 

Some  water  is  imbued  with  lime,  some  with  salt,  Ac.  <fco. 

671  ■  Why  is  it  difficult  to  wash  the  hands  clean  with 
hard  water  ? 

A.  Because  the  soda  of  the  soap  combines 
with  the  sulphuric  acid  of  the  hard  water, — 
and  the  oil  of  the  soap  with  the  lime, — and 
floats  in  flakes  on  the  top  of  the  water. 

Sulphate  of  lime  consists  of  sulphuric  acid  and  lime. 

672*  Why  is  it  difficult  to  wash  in  salt  water  ? 

A.  Because  it  contains  muriatic  acid ;  and 
the  soda  of  soap  combines  with  the  muriatic 
acid  of  the  salt  water,  and  produces  a  cloudi- 
ness. 

673»  Does  the  clearness  of  water  imply  purity  ? 

A.  It  does  not :  water  may  be  very  clear 
and  yet  very  impure  and  unwholesome. 
For  example,  the  well-water  in  cities,  though 
apparently  pure,  is  unfit  for  drinking. 

674*  Cannot  the  purity  of  water  be  restored  by 
filtering  it? 

A.  It  cannot:  no  ordinary  filtration  can 
remove  dissolved  impurities. 

675»  What  are  the  qualifications  of  good  drinking- 
♦ator  ? 
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A.  It  should  be  clear,  and  when  poured 
into  a  tumbler  it  should  sparkle  with  the 
gases  rising  through  it. 

676*  What  gases  rise  through  pure  water  ? 

A.  Oxygen  and  carbonic  acid  gas  give  to 
water  its  refreshing  and  thirst-quenching  pro- 
perties. 

677«  Why  is  water  which  has  stood  long  in  a  warm 
room  disagreeable  to  the  taste  ? 

A.  Because  the  gases  have  escaped  from 
it,  which  renders  it  flat  and  stale.  Sunlight 
will  have  the  same  effect  as  a  warm  room. 

678«  What  is  another  test  of  good  water  ? 

•  A.  Water  which  cattle  drink  most  readily 
is  clear,  soft,  and  soap  forms  with  it  a  lather 
freely. 

679«  Why  is  soft  water  preferable  to  hard  water  for 
drinking  ? 

A.  If  we  drink  hard  water,  it  not  only  lies 
heavily  on  the  stomach,  but  has  to  be  freed 
from  its  impurities  by  distillation  through 
the  capillaries,  before  the  blood  can  re- 
ceive it. 

680*  What  is  the  cause  of  petrifactions  ? 

A.  While  water  runs  under  ground,  its 
impurities  are  held  in  solution  by  the  pre- 
sence of  carbonic  acid ;  but  when  the  stream 
reaches  the  open  air  its  carbonic  acid  escapes, 
and   these    impurities    are    precipitated   o» 

13 
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Tarioos  substances  lying  in  the  course  of  the 


are  especially  carbonate  of  lime  and  iron. 
C&1«  Why  does  water  clean  dirty  linen  ? 

JL  Because  it  dissolves  the  stains,  as  it 
vcald  dissolve  salt. 

ASS*  Why  does  soap  greatly  increase  the  cleansing 
pvwer  <sf  water? 

A.  Because  many  stains  are  of  a  greasy 
mature:  and  soap  has  the  power  of  uniting 
with  greasy  matters  and  rendering  them 
soluble  in  water. 

CSS*  Why  is  rain-water  soft  ? 

A.  Because  it  is  not  impregnated  with 
e&r:ks  and  minerals. 

$S1«  Why  is  it  more  easy  to  wash  with  soft  water 
v*:*  -*  wi;h  hard  * 

A.  Because  soft  water  unites  freely  with 
soa:\  and  dissolves  it,  instead  of  decomposing 
:t%  as  hani  water  does. 

($3,  Whv  do  wood-ashes  make  hard  water  soft  ? 

A.  1st.  Because  the  carbonic  acid  of  wood- 
ashes  combines  with  the  sulphate  of  lime  in 
the  hard  water,  and  converts  it  into  chalk; 

L\t.  AYood-ashes  convert  some  of  the  solu- 
ble salts  of  water  into  insoluble,  and  throw 
thorn  down  as  a  sediment;   in  consequence 
,     nf  which,  the  water  remains  more  pure. 
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686«  Why  has  rain-water  an  unpleasant  smell  when 
it  is  collected  in  a  tub  or  tank  ? 

A.  Because  it  is  impregnated  with  de- 
composed organic  matters  washed  from  roofs, 
trees,  or  the  casks  in  which  it  is  collected. 

687*  Why  does  melted  sugar  or  salt  give  a  flavor  to 
water? 

A.  Because  the  sugar  or  salt,  being  dis- 
united into  very  minute  particles,  floats 
about  the  water,  and  mixes  with  every 
part. 

688*  Why  does  hot  water  melt  sugar  and  salt  quicker 
than  cold  water? 

A.  Because  the  heat,  entering  the  pores 
of  the  sugar  or  salt,  opens  a  passage  for  the 
water. 

689«  Why  is  sea- water  brackish  ? 

A.  1st.  Because  the  sea  contains  mines  of 
salt  at  the  bottom  of  its  bed ; 

2d.  It  is  impregnated  with  bituminous 
matter,  which  is  brackish ;  and, 

3d.  It  contains  many  putrid  substances  of 
a  brackish  nature. 

•90«  The  water  at  the  equator  contains  more  salt 
than  sea-water  in  higher  latitudes.     Explain  this. 

A.  Owing  to  the  greater  heat  of  the  sun 
near  the  equator,  the  evaporation  is  greater ; 
and  when  sea-water  is  evaporated  the  salt  is 
left  behind. 
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3taK2?e   it   impinges    against 
is  perpetually  diverted  from 
£  runout:  and, 
^t  3feK*fi^  *  river  at   its   centre   fl< 
*£  ins  sides. 


Vi*  i«*  »  river  flow  more  tardily  at  its  s 


j^  Stomas?  it  rubs  or  impinges  against 
S^  jttni  r$  delayed  in  its  current  by  i 


CflUrCKK   III.— NITROGEN  AND  All 

SECTION  L-KITBOGEH. 

|Q|t  Wn.vr  is  nitro^on  ? 

A    Ait   invisible   gas  which   abounds 
jpttobitt  and  vegetable  substances.     The  : 
>t*tt*£  are  it^  peculiar  characteristics : — 

Us.  It  will  not  bum; 

At    Au  animal  cannot  live  in  it; 
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3d.  It  is  the  principal  ingredient  in  com- 
mon air.* 

Nearly  four  gallons  out  of  every  five  of  air  are  nitrogen  gas. 
"Nitrogen/'  that  is,  generator  of  nitre;  also  called  axote,  from  the 
Qreek  words  a,  (a,)  privative,  or  to  deprive  o/r  and  £omi,  (zoe,)  life. 

695*  When,  and  by  whom,  was  nitrogen  discovered  J 

A.  In  the  year  1772,  by  Rutherford. 

696*  Is  nitrogen  capable  of  sustaining  combustion  ? 

A.  No :  nitrogen,  like  hydrogen,  is  in- 
capable of  sustaining  combustion  or  animal 
existence,  although  it  has  no  positive  poison- 
ous properties. 

69 7«  Has  nitrogen  any  color  ? 

A.  No :  nitrogen  has  neither  color,  taste, 
nor  smell. 

698*  What  is  supposed  to  be  one  of  the  uses  of 
nitrogen  ? 

A.  We  are  doubtless  unacquainted  with 
many  of  its  uses;  but  its  presence  in  the 
atmosphere  counteracts  the  evil  effects  of 
pure  oxygen  upon  the  human  system. 

699*  What  evil  effect  would  ensue  if  oxygen  were  in- 
haled by  a  human  being  or  animal  for  any  length  of  time  ? 

A.  It  would  cause  inflammation,  and  finally 
death. 

*  Nitrogen  gas  may  easily  be  obtained  thus : — Put  a  piece  of  burn- 
ing phosphorus  on  a  little  stand  in  a  plate  of  water,  and  cover  a  bell- 
glass  over  it.  (Be  sure  the  edge  of  the  glass  stands  in  the  water.) 
In  a  few  minutes  the  oxygen  of  the  air  will  be  taken  up  by  the  burn- 
ing phosphorus,  and  nitrogen  alone  will  be  left  in  the  bell-glass. 

The  white  fume  which  will  arise  and  be  absorbed  by  the  water  in 
this  experiment  is  phosphoric  acid, — that  is,  phosphorus  combined 
with  the  oxygen  of  the  air. 

13* 
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8E0TI0H  IL— AIR. 
fH,  What  are  the  elements  of  atmoepheric  air  ? 

A.  Oxygen  and  nitrogen  mixed  together 
in  the  following  proportions:  about  four 
mJIoqs  of  nitrogen  and  one  of  oxygen  will 
make  five  gallons  of  common  air. 

Hit  !■  not  the  air  we  breathe  almost  wholly  com- 
pond  of  nitrogen  J 

A.  It  is:  nearly  four-fifths  of  the  air  is 
nitrogen,  and  the  other  one-fifth  is  oxygen. 

B*4  attrogen  If  a  gas  which  cannot  support  animal  life;  whereas 
og  ifa  «r  atmosphere  which  we  breathe  is  a  thin,*  transparent  fluid 
«aiol  •urounds  the  earth,  and  supports  animal  life  by  respiration. 

Jflt  Why  is  there  so  much  nitrogen  in  the  air  ? 

A.  In  order  to  dilute  the  oxygen.  If  the 
oxygen  were  not  thus  diluted,  fires  would 
burn  out  too  quickly,  and  life  would  be  too 
rapidly  exhausted. 

7t3»  What  is  meant  by  diffusion  ? 

A.  That  process  by  which  gases  and 
liquids,  when  in  contact,  pass  through  each 
ottior  and  intermingle. 

704*  What  part  does  this  law  of  diffusion  perform  in 
nature  f 

A.  The  accumulation  of  gases  unfit  for 
animal  and  vegetable  life  is,  by  diffusion, 
lilently  dispersed,  and  the  air  is  kept  com- 
paratively pure. 

J|3«  Tf  it  wore  not  for  the  law  of  diffusion,  what 
jjlld  occur  on  lighting  the  first  fire  ? 
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A.  The  oxygen  of  the  air  would  separate 
from  the  nitrogen,  and  a  universal  conflagra- 
tion would  ensue. 

706*  What  effect  has  the  law  of  the  diffusion  of  gases 
upon  vegetation  ? 

A.  Carbonic  acid,  which  is  necessary  to 
vegetable  life,  is  by  this  provision  diffused 
throughout  all  the  particles  of  air. 

7©7«  What  effect  has  the  diffusion  of  gases  upon 
respiration  ? 

A.  The  minut<?  cells  of  the  lungs  would 
not  be  freed  from  the  carbonic  acid  which 
they  contain,  and  death  must  ensue. 

708*  Is  air  material?  that  is,  is  it  composed  of 
matter  ? 

A.  It  is.  We  do  not  see  the  air  in  the 
room,  because  it  is  transparent ;  but  we  feel 
it  when  we  run  or  fan  ourselves,  and  we  hear 
through  the  medium  of  the  air :  therefore  it 
is  material,  or  composed  of  matter;  for 
matter  is  that  which  is  perceived  by  our 
senses. 

709*  Is  air  invisible  ? 

A.  No :  for,  although  we  cannot  perceive 
it  immediately  around  us,  when  we  look  up 
into  the  firmament  illuminated  by  the  sun, 
the  air  appears  of  a  beautiful  azure.  This 
is  the  mass  of  the  atmosphere.  Distant 
mountains  appear  of  a  blue  color,  owing  to 
our  viewing  them  through  the  atmosphere. 


the  air  immediately  around 


» 


fartkm  of  air  reflects  little 

fr  a  mass  would  be  capable 

SMHtLfiil  tint.     So  it  is  with 

anr  of  sea-water  dipped  up  in  a 

\  appear  perfectly  colorless: 

part  of  the  ocean  appears  of 

jMioaching  to  a  black. 


that  the  blue  color  of  the  atmosphere 
It  absorbs  the  yellow  and  red  rayi  and 


CSUPTER  IV.— CARBON. 

±Tx  sufii  substance  generally  of  a  dark 
^  ,v^^  lfrfl  known  under  the  forms 
lamp-black,  soot,  &c. 

ivours  in  nature   crystallized    in  two 
^^nVr  are  ib<?'  * 

jk  Pisfr  Diamond  and  Graphite. 

_j^  Not  A*  tiwk  i(»4*i*.  (graphein,)  to  write.     It  is  alse 
^d*    nr  *f  plumbago,  or  black-lead,  and  is  used  for  making 

«A    **\    d*vs   Indian-rubber   erase   pencil-marks 

V  Ikvaw*  Indian-rubber  contains  a  very 
luanritv  of  carbon.     Black-lead  is  car- 
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Now,  the  carbon  of  the  Indian-rubber  has 
so  great  an  attraction  for  the  black-lead  that 
it  takes  up  the  loose  traces  of  it  left  on 
paper  by  the  pencil. 

Caoutchouc,  or  Indian-rubber,  is  a  compound  of  carbon  and  hydrogen. 
Graphite,  plumbago,  or  black-lead,  is  a  mineral  substance,  composed 
chiefly  of  carbon  with  a  very  small  proportion  of  iron. 

714«  Where  is  the  diamond  chiefly  found? 

A.  In  India,  the  island  of  Borneo,  Brazil, 
and  Australia.  It  has  also  been  found  in 
North  Carolina  and  Georgia  in  the  United 
States. 

715«  Where  is  graphite  found  ? 

A.  In  Ceylon,  Germany,  England,  and 
other  places ;  but  the  purest  graphite  comes 
from  Ceylon. 

716*  What  is  a  crystal  ? 

A.  The  geometrical  form  possessed  by  a 
vast  number  of  mineral  and  saline  sub- 
stances, whose  particles  combine  with  one 
another  by  the  attraction  of  cohesion,  accord- 
ing to  certain  laws,  the  investigation  of 
which  belongs  more  properly  to  the  science 
of  crystallography. 

717«  What  peculiar  properties  does  the  diamond 
possess? 

A.  It  possesses  a  degree  of  hardness  supe- 
rior to  that  of  any  other  mineral :  it  scratches 
all  other  bodies,  but  is  scratched  by  none. 

It  acquires  positive  electricity  by  friction, 
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bat  does  no*  retain  it  for  more  than  half  an 
hoar. 

It  possesses  either  angle  or  double  re- 
traction according  to  its  crystalline  form. 

When  exposed  to  the  sun's  rays  for  a 
certain  time,  or  to  the  blue  rays  of  the  pris- 
matic spectrum^  it  becomes  phosphorescent. 

*  PfeMpfamercse*/*  tbat  property  possessed  by  certain  substances 
«£  touttttg  a  Sg&fc  of  tihtir  dvb. 

118,  Can  the  diamond  he  burnt  ? 

A.  Yes ;  but  it  requires  a  very  strong  heat. 
When  burnt  in  oxygen  it  forms  carbonic 
acid. 


•  c 


?t$t  Cam  Ton  give  am  example  of  carbon  in  its  un« 
crjstailiral  state  ? 

A.  Lamp-black — the  soot  produced  by  the 
imperfect  combustion  of  oil  or  resin — is  pure 
carbon  in  its  unerystallized  or  amorphous 
state. 

"  AmerpliMHy*  sbapetas,  without  form. 

7  tt%  What  is  charcoal  ? 

A.  Wood  which  has  been  exposed  to  a 
red  heat  till  it  has  been  deprived  of  all  its 
gases  and  volatile  parts. 

Ttl%  Why  does  charcoal  remove  the  taint  of  meat  ? 

A.  Because  it  absorbs  all  putrescent  effluvia, 
*fcther  they  arise  from  animal  or  vegetable 

^KYak  other  kinds  of  charcoal  are  there  ? 
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A.  Coke,  the  charcoal  of  bituminous  coal, 
and  anthracite,  which  is  a  mineral  charcoal. 

Anthracite  differs  from  bituminous  coal  in  containing  no  bitumen, 
and,  therefore,  burning  without  flame  or  smoke. 

723.  Why  is  a  charcoal  fire  hotter  than  a  wood  fire  ? 

A.  Because  charcoal  is  very  pure  carbon ; 
and,  as  it  is  the  carbon  of  fuel  which  pro- 
duces the  glowing  heat  of  combustion,  there- 
fore the  purer  the  carbon  the  more  intense 
will  the  heat  of  the  fire  be. 

724.  What  is  coal? 

A.  A  fossil  fuel  of  vegetable  origin,  found 
under  the  surface  of  the  earth.  The  largest 
coal-fields  in  the  world  are  in  North  America. 

Coal  is  also  found  in  great  abundance  in  Great  Britain,  France, 
Germany,  India,  China,  and  Australia. 

725.  What  is  jet? 

A.  A  species  of  bituminous  coal,  found  in 
Saxony  and  Prussia.  The  coarser  kinds  are 
used  for  fuel,  and  the  finer  sorts  for  the 
manufacture  of  breastpins,  ear-rings,  and 
other  trinkets. 

726.  Why  does  coal  make  such  excellent  fuel  ? 

A.  Because  it  contains  a  large  amount  of 
parbon  and  hydrogen  gas  in  a  very  compact 
find  convenient  form. 

727.  Why  will  not  stones  do  for  fuel  as  well  as 
*oal? 

A.  Because  they  contain  no  hydrogen  and 
little  or  no  carbon. 
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728»  Why  will  not  iron  cinders  burn  ? 

A.  Because  they  contain  impurities,  which 
are  not  so  ready  to  combine  with  oxygen  as 
carbon  and  hydrogen  are. 

729«  Of  what  are  oil,  tallow,  and  wax  composed  ? 

A.  Principally  of  carbon  and  hydrogen 
gas.  The  solid  part  is  carbon,  the  volatile 
part  is  hydrogen  gas. 

73©»  Why  are  timbers  which  are  to  be  exposed  to 
damp  first  charred  ? 

A.  Because  charcoal  undergoes  no  change 
by  exposure  to  air  and  water;  in  conse- 
quence of  which,  timber  will  resist  weather 
much  longer  after  it  has  been  charred. 

73 1»  Why  should  sick  persons  eat  dry  toast  rather 
than  bread  and  butter  ? 

A.  Because  the  charcoal  surface  of  the 
toast  helps  to  absorb  the  acids  and  impurities 
of  a  sick  stomach. 

Other  reasons  might  be  given  which  belong  to  the  science  of  medi- 
cine. 

732»  Why  does  a  piece  of  burnt  bread  make  impure 
water  fit  to  drink  ? 

A.  Because  the  surface  of  the  bread 
(which  has  been  reduced  to  charcoal  by 
being  burnt)  absorbs  the  impurities  of  the 
water  and  makes  it  palatable. 

733*  Why  are  water  and  wine  casks  charred  inside  ? 

A.  Because  charring  the  inside  of  a  cask 
reduces  it  to  a  kind  of  charcoal;  and  char- 
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joal  (by  absorbing  animal  and  vegetable  im- 
purities) keeps  the  liquor  sweet  and  good. 

734»  Why  is  water  purified  by  being  filtered  through 
charcoal  ? 

A.  Because  charcoal  absorbs  the  impurities 
of  the  water,  and  removes  all  disagreeable 
tastes  and  smells,  whether  they  arise  from 
animal  or  vegetable  matter. 

SECTION  L-0ABB0HI0  ACID. 
735*  What  is  carbonic  acid  gas  ? 

A.  A  gas  formed  by  the  union  of  carbon 
and  oxygen :  it  used  to  be  called  fixed  air. 

Three  pounds  of  carbon  and  eight  pounds  of  oxygen  will  form 
eleven  pounds  of  carbonic  acid. 

736.  Where  is  carbonic  acid  found  ? 

A.  In  the  air  we  breathe,  in  mines  and 
cellars,  in  water,  in  effervescing  wines,  and 
in  many  minerals. 

At  Brohl,  near  Lake  Laach,  which  occupies  the  crater  of  an  extinct 
Volcano  in  Rhenish  Prussia,  six  hundred  thousand  pounds'  weight  of 
carbonic  acid  gas  is  discharged  from  the  ground  every  twenty-four 
hours. 

737«  What  gas  is  generated  by  a  lighted  candle  or 
lamp? 

A.  Carbonic  acid  gas, — formed  by  the 
union  of  the  carbon  of  the  oil  or  tallow  with 
the  oxygen  of  the  air. 

7S8#  Under  what  circumstances  does  carbon  most 
readily  unite  with  oxygen  ? 

A.  1st.    When  its  temperature  is  raised : 

14 
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carina  be  red-hot,  oxygen  will  most 
with  it;  and, 
it   forms    part   of  the    fluid 


Wly  £§  «$gen  and  carbon  so  readily  unite  in 


the  atoms  of  carbon   are  so 
«x  smarted  by  the  other  materials  of 
:te  jtfmi  that  they  unite  very  readily  with 
»r  4CT*«  of  the  air  inhaled. 

b  &  cartauc  acid  wholesome  ? 

X*:  it  is  fatal  to  animal   life,  and, 
p«r  it  is  inhaled,  acts  like  a  narcotic 


— groducing 
in  death. 


^  -«KMnt  rf  Ja*»  w  a  valley  about  three-quarters  of  a  mile  in 

ecwac*  i*  wbich  the  carbonic  acid  gas  rises  to  eighteen  feet 

gt  4U3K*  ■  ^V'IM  tni*  cause  the  whole  of  the  valley  is  devoid  of 

a*!  **g«C»bt«  life.    A  dog  thrown  down  into  it  dies  in  fourteen 

^i.  ta«ta  attempting  to  fly  across  the  valley  drop  down  dead. 

m  "J**  ?**»»■  or  Upas  valley,  and  is  the  terror  of  the  neigh* 

This  valley  is  the  crater  of  an  extinct  volcano. 


^H^  How  can  any  one  know  if  a  place  be  infested 
I  ovtarif  acid  gas  ? 

\  It*  *  P^  or  we^  contain  carbonic  acid, 
j.  v^tvit^  lot  down  into  it  will  be  instantly 
Aittfetut^hoil.  The  rule,  therefore,  is  this : — 
^*K*tv  *  oftiulle  will  burn,  a  man  can  live ; 
^  *hat  will  extinguish  a  candle  will  also 
^gtftsvv  lite. 

*#j^  \Y  hv  does  a  miner  lower  a  lighted  candle  into 
v,  .Jiw  Mtav  ho  descends  ? 

,V  Uixwwe  the  candle  will  be  extinguished 


r 


CARBONIC   ACID.  159 

if  the  mine  contain  carbonic  acid  gas;  but 
if  the  candle  be  not  extinguished,  the  mine 
is  safe,  and  the  man  may  fearlessly  descend. 

748«  Why  does  a  crowded  room  produce  headache  ? 

A.  Because  we  breathe  air  vitiated  by  the 
crowd. 

744t  Why  is  the  air  of  a  room  vitiated  hy  a  crowd  ? 

A.  Because  it  is  deprived  of  its  due  pro- 
portion of  oxygen  and  laden  with  carbonic 
acid. 

745.  How  is  the  air  of  a  room  affected  thus  by  a 
crowd  ? 

A.  The  elements  of  the  air  inhaled  are 
separated  in  the  lungs:  the  oxygen  is  con- 
verted in  the  blood  into  carbonic  acid,  and 
the  carbonic  acid,  together  with  the  nitrogen, 
is  thrown  back  again  by  the  breath  into  the 
room. 

746«  Js  all  the  nitrogen  rejected  by  the  lungs  ? 

A.  Yes :  all  the  nitrogen  of  the  air  is 
always  expired. 

74  7#  Why  is  a  crowded  room  unwholesome  ? 

A.  Because  the  oxygen  of  the  air  is  ab- 
sorbed by  the  lungs ;  and  carbonic  acid  gas 
(which  is  a  noxious  poison)  is  substituted 
for  it. 

'748«    Mention    the   historical   circumstances  so  well 
known  in  connection  with  the  "Black  Hole  of  Calcutta." 

1    A.  In  the  reign  of  George  II.  the  Raja 
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(or  Prince)  of  Bengal*  marched  suddenly 
to  Calcutta,  to  drive  the  English  from  the 
country.  As  the  attack  was  unexpected,  the 
English  were  obliged  to  submit,  and  one 
hundred  and  forty-six  persons  were  taken 
prisoners. 

749t  What  became  of  those  prisoners  f 

A.  They  were  driven  into  a  place  about 
eighteen  feet  square,  and  fifteen  or  sixteen 
feet  in  height,  with  only  two  small  grated 
windows.  One  hundred  and  twenty-three 
of  the  prisoners  died  in  one  night;  and  of 
the  twenty-three  who  survived  the  larger 

Eortion  died  of  putrid  fevers  after  they  ^rere 
berated. 

750#  Why  were  they  suffocated  in  a  few  hours  front 
confinement  in  this  close,  hot  prison-hole  ? 

A.  Because  the  oxygen  of  the  air  was 
soon  consumed  by  so  many  lungs,  and  its 
place  supplied  by  carbonic  acid,  exhaled  by 
the  hot  breath. 

75 1#  Why  did  the  captives  in  the  Black  Hole  die 
sleeping  ? 

A.  1st.   Because   the   absence  of  oxygen 

auickly  affects  the  vital  functions,  depresses 
lie  nervous  energies,  and  produces  a  lassi- 
tude which  ends  in  death ;  and, 

2d.  Carbonic   acid   gas,   being   a  narcotic 


*  The  Sur  Raja,  at  Dowlat, — a  young  man  of  violent  passions,  who 
just  fuicceeded  to  the  throne,  a.d.  1756. 
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poison,  produces  drowsiness   and   death   in 
those  who  inhale  it. 

752t  Why  are  the  jungles  of  Java  and  Hindostan  so 
fatal  to  life  ? 

A.  Because  vast  quantities  of  carbonic 
acid  are  thrown  off  by  decaying  vegetables 
in  these  jungles;  and,  as  the  wind  cannot 
penetrate  the  thick  brushwood  to  blow  the 
pernicious  gas  away,  it  settles  there,  and 
destroys  animal  life. 

753*  Why  do  persons  in  a  crowded  church  feel 
drowsy? 

A.  1st.  Because  the  crowded  congregation 
inhale  a  large  portion  of  the  oxygen  of  the 
air,  which  alone  can  sustain  vitality  and 
healthy  action ;  and, 

2d.  The  air  of  the  church  is  impregnated 
with  carbonic  acid  gas,  which,  being  a  strong 
narcotic,  produces  drowsiness  in  those  who 
inhale  it. 

754t  Why  do  persons  who  are  much  in  the  open  air 
enjoy  the  best  health  ? 

A.  Because  the  air  they  inhale  is  much 
more  pure. 

755*  Why  is  country  air  more  pure  than  the  air  in 
cities? 

A.  1st.  Because  there  are  fewer  inhabit- 
ants to  vitiate  the  air ; 

2d.  There  are  more  trees  to  restore  the 
equilibrium  of  the  vitiated  air ;  and, 


circulation  of  air  keeps  it 
Hne, — in  the  same  way  aa 
_  are  pure  and  wholesome, 
waters  are  the  contrary. 

he  scantiness  of  a  country  population 
air  mora  pure? 


pcause  the  fewer  the  inhabitants  the 

:  acid  will  be  exhaled ;  and  thus 

■ople  inhale  pure   oxygen,  instead 

r- "impregnated  with  the  narcotic  poison 

i  jHptmmc  acid  gas. 

Why  do  trees  and  flowers  help  to  make  country 


I  1st.  Because  trees  and  flowers  absorb 
IgfcMftmnic  acid  generated  by  the  lungs  of 
ajMtoab,  putrid  substances,  and  other  noxious 
ayltfjbfttions ;  and, 

m   Trees  and  flowers  restore  to  the  air 
tjbt  oxygen  which  man  and  other  animals 


||8,  Why  is  the  air  of  cities  less  wholesome  than 
(pftHjurf 

JL  1st.  Because  there  are  more  inhabitants 
I  vitiate  the  air; 

SKI.  The  sewers,  drains,  and  filth  of  a  city 
nr  greatly  vitiate  the  air ; 
id.  The  streets  and  alleys  prevent  a  free 
ml  at  ion  ;  and, 
'     There  are  fewer  trees  to  absorb  the 
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excess  of  carbonic  acid  gas  and  restore  the 
equilibrium. 

759#  Why  are  persons  who  live  in  close  rooms  and 
crowded  cities  generally  siokly  1 

A.  Because  the  air  they  breathe  is  not 
pure,  but  is,  in  the  first  place,  defective  in 
oxygen,  and,  in  the  second,  is  impregnated 
with  carbonic  acid  gas. 

760 •  Where  does  the  carbonic  acid  gas  of  close  rooms 
and  cities  come  from  ? 

A.  From  the  lungs  of  the  inhabitants,  the 
sewers,  drains,  and  other  like  places,  in  wrhich 
organic  substances  are  undergoing  decompo- 
sition. 

761 1  What  becomes  of  the  carbonic  acid  gas  of  crowded 
cities  ? 

A.  Some  of  it  is  absorbed  by  vegetables : 
the  rest  is  blown  away  by  the  wind,  and  dif- 
fused through  the  whole  volume  of  the  air. 

762#  Does  not  this  constant  diffusion  of  carbonic  acid 
gas  affect  the  purity  of  the  whole  air  ? 

A.  No ;  because  it  is  wafted  by  the  wind 
from  place  to  place,  and  absorbed  in  its  passage 
by  the  vegetable  world. 

763t  What  is  choke-damp  ? 

A.  Carbonic  acid  gas  accumulated  at  the 
bottom  of  wells,  mines,  and  pits,  which  ren- 
ders them  noxious,  and  often  fatal  to  life. 
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2SL  ^Vy  »  not  this  carbonic  acid  gas  taken  up  by 
die  air  and  diffused,  as  it  is  in  cities  ? 

JL  Because,  being  heavier  than  common 
air,  it  cannot  rise  from  the  well  or  pit ;  and 
no  wind  can  get  to  it,  to  blow  it  away. 

Jf5*  Why  are  persons  sometimes  killed  by  leaning  over 


A.  Because  vats  where  beer  has  been  made 
contain  a  large  quantity  of  carbonic  acid  gas, 
produced  by  the  "vinous  fermentation"  of  the 
beer;  and  when  a  man  incautiously  leans  over 
a  beer-vat  and  inhales  the  carbonic  acid,  he  is 
immediately  killed  thereby. 

7CS*  Why  are  persons  often  killed  who  enter  beer- 
U>  clean  them  ? 


A.  Because  carbonic  acid  gas,  being  heavier 
than  atmospheric  air,  often  rests  upon  the  bot- 
tom of  a  vat :  when,  therefore,  a  person  enters 
the  vat  and  stoops  to  clean  the  bottom,  he  in- 
hales the  pernicious  gas,  which  kills  him. 

?(?•  \Vhv  are  persons  sometimes  killed  by  having  a 
charcoal  fire  in  their  bedrooms  ? 

A.  Because  the  carbon  of  the  burning 
charcoal  unites  with  the  oxygen  of  the  air, 
and  tonus  carbonic  acid  gas,  which  is  a  nar- 
cotic poison. 

J$S«   lt%  carbonic  acid  gas  settles  at  the  bottom  of  a 
room*  how  can  it  injure  a  person  lying  on  a  bed  raised  con- 
MttMv  above  the  floor? 

V,    Because   all  gases  diffuse  themselves 
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through  each  other,  as  a  drop  of  ink  would 
diffuse  itself  through  a  cup  of  water.  If, 
therefore,  a  person  slept  for  six  or  eight 
hours  in  a  room  containing  carbonic  acid, 
enough  of  the  gas  would  be  diffused  through- 
out the  room  to  produce  death. 

The  heat  of  the  fire  assists  the  process  of  diffusion. 

769 1  What  are  the  chief  sources  of  carbonic  acid  ? 

A.  1st.  The  breath  of  animals; 

2d.  The  decomposition  of  vegetable  and 
animal  matter;  and, 

3d.  Limestone,  chalk,  and  all  calcareous 
stones,  in  which  it  exists  in  a  solid  form. 

770#  From  which  of  these  sources  is  carbonic  acid 
most  likely  to  accumulate  to  a  noxious  extent  ? 

A.  From  the  fermentation  and  putrefaction 
of  decaying  vegetable  and  animal  matters. 

771 1  How  can  this  accumulation  of  carbonic  acid  be 
prevented  ? 

A.  By  throwing  quicklime  into  places 
where  such  fermentation  and  putrefaction 
are  going  on. 

772#  How  will  quicklime  prevent  the  accumulation  of 
carbonic  acid  ? 

A.  Quicklime  will  absorb  the  carbonic  acid, 
and  produce  a  combination  called  "  carbonate 
of  lime." 

773«  Does  not  heavy  rain,  as  well  as  quicklime,  pre- 
vent the  accumulation  of  carbonic  acid  ? 

A.  Yes  :  an  abundant  supply  of  water  will 


r* 


^  i  :w«er<  it  slightly  acid  to  the  taste. 

gunpowder  explode  ? 

ci"  the  instantaneous  production 
of  carbonic  acid,  sulphurous 
ajrogen. 


of  leTenty-six  parts  of  saltpetre,  fourteen  of 

^w  xT  sulphur. 


W*p  »  boiled  water  flat  and  insipid  ? 

V  3to«*  *^e  whole  of  the  carbonic  acid 
:*|m3*£  by  boiling,  and  escapes  into  the 


«gft  lfbv  do»  fresh  spring-water  sparkle  when  poured 
*«ttl  to  another? 


V  fc»we  fresh  spring  or  pump  water 
iit^  carbonic  acid ;  and  it  is  the  presence 


•  i        i       ii  j  11 
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779»  Why  are  beer  and  porter  made  stale  by  being 
exposed  to  the  air  ? 

A.  Because  too  much  of  the  carbonic  acid 
gas  produced  by  fermentation  is  suffered  to 
escape. 

78©»  Why  does  beer  turn  flat  if  the  vent-peg  be  left 
out  of  the  tub  ? 

A.  Because  the  carbonic  acid  gas  escapes 
through  the  veni^hole. 

78 1#  Why  does  sal-aeratus  make  cakes  light,  particu- 
larly if  they  be  mixed  with  sour  milk  ? 

A.  Because  the  acid  of  the  milk  disengages 
the  carbonic  acid  contained  in  the  sal-seratus. 

782#  Why  does  wood  decay  ? 

A.  Because  the  oxygen  of  the  air  unites 
with  the  carbon  and  hydrogen  of  the  wood, 
and  forms  carbonic  acid  and  water. 

783#  Why  do  persons  throw  lime  into  sinks  and  sewers 
to  prevent  their  offensive  smell  in  summer-time  ? 

A.  Because  they  contain  large  quantities  of 
carbonic  acid  gas,  which  readily  combines  with 
lime,  and,  producing  "carbonate  of  lime,"  neu- 
tralizes the  offensive  gases. 

784#  Why  is  quicklime  formed  by  burning  limestone 
in  a  kiln  ? 

A.  Because  the  carbonic  acid  (which  ren- 
dered it  mild)  is  driven  off  by  the  heat  of  the 
kiln;  and  the  lime  becomes  quick,  or  caustic. 

785#  What  is  mortar  ? 

A.  Quicklime  mixed  with  sand  and  water 
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791.  Why  is  hard  water  made  more  soft  by  exposure 
to  the  air  ? 

A.  1st.  Because  the  mineral  salts  which 
cause  its  hardness  subside ;  and, 

2d.  Because  the  carbonic  acid  of  the  water 
makes  its  escape  into  the  air. 

792.  What  is  choke-damp  ? 

A.  Carbonic  acid  gas  accumulated  at  the 
bottom  of  wells  and  pits.  It  is  called  choke- 
damp  because  it  chokes,  or  suffocates,  every 
animal  that  attempts  to  inhale  it. 

It  suffocates  without  getting  into  the  lungs,  by  closing  the  cutei- 
orifice  spasmodically. 

798#  Why  are  rotting  leaves  hot  ? 

A.  Because  the  fermentation  of  rotting 
leaves  produces  carbonic  acid  gas,  which  pro- 
duction is  always  attended  with  heat :  in  fact, 
rotting  is  a  species  of  slow  combustion. 

The  carbon  of  the  leaves  unites  with  the  oxygen  of  the  air  to  pro-, 
duce  carbonic  acid  gas,  and  the  new  combinations  disturb  latent  heat 
and  make  it  sensible. 

§  — EFFERVESCENCE. 

794«  From  what  is  the  word  effervescence  derived? 

A.  From  the  Latin  word  effervesce,  to  boil. 

795#  Can  the  capacity  of  water  for  dissolving  carbonic 
acid  be  increased  ? 

A.  Yes.  Carbonic  acid  may  be  forced  into 
Water  by  pressure  to  a  considerable  extent. 

15 
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?Ni  To  what  practical  uses  has  this  capacity  of  water 
for  dissolving  carbonic  acid  been  applied  f 

A.  Effervescing  draughts  are  made  upon 
this  principle. 

TI7«  Explain  the  cause  of  effervescence  in  these 
beverages. 

A.  The  carbonic  acid  of  the  beverage,  being 
prevented  by  the  cork  from  escaping,  is  forced 
into  the  liquor  by  pressure,  and  absorbed  by 
it;  but  when  the  cork  or  pressure  is  removed, 
some  of  the  carbonic  acid  flies  off  in  bubbles, 
or  effervescence. 

7$8«  Why  does  aerated  water  effervesce  when  the  cork 
is  removed? 

A.  While  the  bottle  remains  corked,  car* 
bonic  acid  is  forced  into  the  water  by  press- 
ure, and  absorbed  by  it ;  but  when  the  cork 
or  pressure  is  removed,  some  of  the  carbonic 
acid  flies  off  in  effervescence. 

799t  Why  does  soda  or  mineral  water  effervesce  ? 

A.  Into  soda  or  mineral  water  is  forced 
many  times  its  own  bulk  of  carbonic  acid 
gas,  which  makes  its  escape  in  effervescence 
as  soon  as  the  cork  is  removed. 

800.  Why  does  ginger-pop  fly  about  in  froth  when  the 
staring  of  the  cork  is  cut  ? 

A.  Because  it  contains  carbonic  acid  gas. 
While  the  cork  is  fast,  the  carbonic  acid  i? 
•forced  into  the  liquor;  but  when  the  pressure 
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is  removed,  the  gas  is  given  off  in  efferves- 
cence. 

All  vinous  fermentation  produces  carbonic  acid. 

80 It  Why  does  bottled  ale  froth  more  than  draught 

A.  Because  the  pressure  is  greater  in  a  bottle 
than  in  a  tub  which  is  continually  tapped ; 
and  effervescence  is  always  increased  by 
pressure. 

8©2#  What  produces  the  froth  of  bottled  ale  ? 

A.  Carbonic  acid  generated  by  the  vinous 
fermentation  of  the  liquor.  This  gas  is.  ab- 
sorbed by  the  ale  so  long  as  the  bottle  is  well 
corked,  but  is  given  off  in  froth  when  the 
pressure  of  the  cork  is  removed. 

803#  What  gives  the  pleasant  acid  taste  to  soda  or 
mineral  water,  ginger-beer,  champagne,  and  cider  ? 

A.  The  presence  of  carbonic  acid,  gene- 
rated by  fermentation,  and  liberated  by  effer- 
vescence when  the  pressure  of  the  cork  is 
removed. 

804#  Why  does  the  effervescence  of  soda  or  mineral 
water  and  ginger-beer  so  soon  go  off  ? 

A.  Because  the  carbonic  acid  which  pro- 
duced the  effervescence  very  rapidly  escapes 
into  the  air. 

805»  Why  does  the  cork  of  a  champagne-bottle  fly  off 
the  instant  it  has  been  loosened  from  the  neck  of  the 
bottle  ? 

A.  Because  the  great  quantity  of  carbonic 
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acid  gas  contained  in  the  liquor  can  no  longer 
be  confined,  and,  seeking  to  escape,  drives  out 
the  cork  with  great  violence. 

8Mt  When  the  cork  of  a  champagne  or  mineral-water 
bottle  is  drawn,  why  is  a  loud  report  made  ? 

A.  Because  champagne  and  mineral-water 
contain  a  great  amount  of  carbonic  acid  gas, 
which,  being  suddenly  liberated,  strikes 
against  the  air  and  produces  the  report. 

807#  Why  does  hartshorn  take  out  the  red  spot  in 
cloth  produced  by  any  acid  ? 

A.  Because  hartshorn  is  an  alkali;  and  the 
peculiar  property  of  every  alkali  is  to  neutral- 
ize acids. 

Soda,  potash,  magnesia,  <fcc.  are  alkalies. 

Upon  this  principle,  effervescing  drinks  are  made  of  carbonate  of 
soda  (an  alkali)  and  citric  or  tartaric  acid.  Effervescence  is  produced 
by  the  giving  off  of  carbonic  acid  during  the  process  of  neutralization. 

The  Carbonic  ncid  is  formed  by  the  carbon  of  the  carbonate  of  soda 
combining  with  the  oxygen  of  the  acid. 

808.  What  is  an  alkali  ? 

A.  The  converse  of  an  acid,  as  bitter  is 
the  converse  of  sweet,  or  insipid  the  converse 
of  pungent. 

SECTION  II.-CABBUBETTED  HYDROGEN. 
809*  What  is  marsh-gas,  or  fire-damp? 

A.  Carburetted  hydrogen  gas  accumulated 
on  marshes,  in  stagnant  waters,  and  in  coal- 
pits :    it  is  frequently  called    "  inflammable 
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810#  What  kind  of  gas  is  used  in  lighting  the  streets 
and  buildings  of  cities  ? 

A.  Carburetted  hydrogen. 

81 1#  What  is  carburetted  hydrogen  gas? 

A.  Carbon  combined  with  hydrogen. 

812t  How  may  carburetted  hydrogen  gas  be  procured 
on  marshes? 

A.  By  stirring  the  mud  at  the  bottom  of 
any  stagnant  pool,  and  collecting  the  gas,  as 
it  escapes  upward,  in  an  inverted  glass 
vessel. 

813#  What  is  coal-gas? 

A.  Carburetted  hydrogen  extracted  from 
coals  by  the  heat  of  fire. 

814#  Why  is  carburetted  hydrogen  gas  called  fire- 
damp, or  inflammable  air? 

A.  Because  it  very  readily  catches  fire  and 
explodes  when  a  light  is  introduced  to  it,  pro- 
vided atmospheric  air  be  present. 

815.  Why  is  carburetted  hydrogen  gas  frequently 
called  marsh-gas  ? 

A.  Because  it  is  generated  in  meadows 
and  marshes  from  putrefying  vegetable  sub- 
stances. 

816#  What  gas  is  evolved  by  the  wick  of  a  burning 
caudle  ? 

A.  Carburetted  hydrogen  gas.  The  carbon 
and  hydrogen  of  the  tallow  combine  into  a 
gas  from  the  heat  of  the  flame ;  and  this  gaa 

13* 
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is  called  carburetted  hydrogen,  or  inflammable 
air. 

81 7«  Why  do  coal-mines  frequently  explode? 

A.  Because  the  carburetted  hydrogen  gas 
generated  in  those  mines  explodes  when  a 
light  is  incautiously  introduced. 

818.  How  can  miners  see  in  the  coal-pits  if  they  may 
never  introduce  a  light? 

A.  Sir  Humphry  Davy  invented  a  lantern 
for  the.  use  of  miners,  called  "the  Safety- 
Lamp,"  which  may  be  used  without  danger. 

The  safety-lamp  was  invented  in  the  year  1815. 

819*  Who  was  Sir  Humphry  Davy  ? 

A.  A  very  ingenious  chemist,  born  in 
Cornwall,  1788,  and  died  at  Geneva  in  1829. 

820.  What  is  the  safety-lamp  ? 

A.  A  kind  of  lantern,  covered  with  a  fine 
gauze  wire  instead  of  glass  or  horn. 

821  •  How  does  this  fine  gauze  wire  prevent  an  explo- 
sion in  the  coal-mine? 

A.  By  preventing  the  flame  of  the  lamp 
from  communicating  with  the  inflammable 
gas  of  the  mine. 

The  interstices  of  the  gauie  wire  must  not  exceed  one-twentieth  of 
an  inch  in  diameter,  and  there  should  not  be  fewer  than  six  hundred 
and  twenty-five  apertures  to  the  square  inch. 

822*  Why  will  not  flame  pass  through  very  fine  wire 
gauie  ? 

A.  Because  the  metal  wire  is  a  very  rapid 
conductor  of  heat;  and  when  the  flame  of 
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gas  burning  in  the  lamp  reaches  the  wire 
gauze,  so  much  heat  is  conducted  away  by 
the  wire  that  the  flame  is  extinguished. 

823*  Does  the  gas  of  the  coal-pit  get  through  the  wire 
gauze  into  the  lantern  ? 

A.  Yes ;  and  the  inflammable  gas  ignites 
and  burns  inside  the  lamp.  When  this  is  the 
case,  the  miner  is  in  danger,  and  should  with- 
draw. 

When  the  carbnretted  hydrogen  gas  takes  fire  from  the  miner's 
candle,  the  miner  sometimes  perishes  in  the  blast  of  the  flame,  and 
jometimes  is  suffocated  by  the  carbonic  acid  which  is  thus  produced. 


CHAPTER  V.— PHOSPHORUS  AND  PHOS- 
PHURETTED  HYDROGEN. 

8ECTI0N  L-PH0SPH0BU8. 
824#  What  is  phosphorus  ? 

A.  A  pale,  amber-colored  substance,  resem- 
bling wax  in  appearance.  The  word  is 
derived  from  two  Greek  words,  which  mean, 
to  produce  or  carry  light,  $0$  fyepeiv,  (phos- 
pherein.) 

825#  How  is  phosphorus  obtained  ? 

A.  By  heating  bones  to  a  white  heat :  by 
this  means  the  animal  matter  and  charcoal 
are  consumed,  and  a  substance  called  "  phos- 
phate of  lime"  is  left  behind. 

826«  What  is  the  phosphate  of  lime  ? 

A.  Phosphorus  united  to  oxygen  and  lime : 
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when  sulphuric  acid  is  added  and  the  mixture 
heated,  the  lime  is  attracted  to  the  acid,  and 
puns  phosphorus  remains. 

If  yJwwi  eharcoal  be  added,  phosphorus  may  be  procured  by 


(97«  When, and  by  whom,  was  phosphorus  discovered? 

A.  This  element  was  discovered  in  1669, 
hy  Brandts  of  Hamburg. 

S8U  Is  phosphorus  inflammable  ? 

A.  It  is  so  exceedingly  inflammable  that  it 
avuetimes  takes  fire  by  the  heat  of  the  hand : 
stvat  care,  therefore,  is  required  in  its  ma- 
nagement, as  a  blow  or  hard  rub  will  very 
often  kindle  it. 

$jt.  Of  what  is  the  igni table  part  of  lucifer  or  friction 
Mat?  he*  made  ? 

A*  Of  phosphorus.  Above  two  hundred 
ami  fifty  thousand  pounds  are  used  every 
war  in  London  alone  for  the  manufacture  of 
luciter  or  friction  matches. 

SSO*  Why  w*^  lucifer  or  friction  matches  ignite  when 
Urowu  aortwH  any  rough  surface? 

A ,  Iiecause  they  are  tipped  with  phosphorus, 
w  Inch  has  an  affinity  for  oxygen  at  the  lowest 
temperature;  so  that  the  little  additional  heat 
caused  by  the  friction  of  the  match  across  the 
bottom  of  the  lucifer-box  is  sufficient  to  ignite 
it.  and  at  the  same  time  to  ignite  the  sulphur 
with  whieh  the  match  is  tipped. 

S3  It   What  pnuliar  property  has  phosphorus? 
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A.  It  is  luminous  in  the  dark ;  and  even 
in  daylight  it  appears  to  be  surrounded  by  a 
light  cloud. 

It  should  always  be  kept  under  water,  and  great  care  used  in  hand* 
ling  it,  as  the  burns  made  by  it  are  very  difficult  to  heal. 

832#  Why  are  putrefying  fish  luminous  ? 

A.  Because  the  carbon  of  the  fish,  uniting 
with  oxygen,  forms  carbonic  acid;  and  the 
phosphoric  acid  of  the  fish,  being  thus  deprived 
of  oxygen,  is  converted  into  phosphorus.  As 
soon  as  this  is  the  case,  the  phosphorus  begins 
to  unite  with  the  oxygen  of  the  air,  and  be- 
comes luminous. 

Carbonic  aoid  is  a  compound  of  carbon  and  oxygen. 

Phosphoric  aoid  is  a  compound  of  phosphorus  and  oxygen.  If  the 
oxygen  be  taken  from  phosphoric  acid,  the  residue,  rf  course,  is  phos- 
phorus. 

The  luminousness  spoken  of  is  due  to  the  slow  combustion  of  the 
phosphorus  while  it  is  uniting  with  the  oxygen  of  the  air. 

833*  Why  is  the  sea  often  luminous  in  summer-time  ? 

A.  "  The  waters  of  the  ocean,"  says  Silli- 
man,  "  especially  in  warm  latitudes,  are  often 
covered  with  little  animalcules  which  become 
luminous  at  night  when  the  water  is  agitated. 
The  cause  of  phosphorescence  is  not  known." 

SEOTIOF  IL-PH08PHUEBTTED  HYDBOGEH. 

834.  From  what  do  the  very  offensive  effluvia  \,{ 
churchyards  arise? 

A.  From  a  gas  called  phosphuretted  hydro- 
gen, which  is  phosphorus  combined  with  hy- 
drogen gas. 
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835i  Who  was  the  discoverer  of  phosphuretted  hy- 
drogen ? 

A.  Sir  Humphry  Davy,  in  the  year  1812. 

836*  Why  does  a  putrefying  dead  body  smell  so  offen- 
sively ? 

A.  Because  phosphuretted  hydrogen  gas 
always  rises  from  putrefying  animal  sub- 
stances. 

The  escape  of  ammonia  and  sulphuretted  hydrogen  contributes  also 
to  this  offensive  smell. 

837*  What  is  the  cause  of  the  ignis-fatnus,  jack-o'- 
lantern,  or  will-o'-the-wisp  ? 

A.  This  luminous  appearance,  which  haunts 
meadows,  bogs,  and  marshes,  arises  from  the 
gas  of  putrefying  animal  and  vegetable  sub- 
stances,— especially  from  decaying  fish. 

838i  What  gases  arise  from  these  putrefying  sub- 
stances ? 

A.  Phosphuretted  hydrogen,  from  putrefy- 
ing animal  substances;  and 

Carburetted  hydrogen,  from  decaying  vege- 
table matters. 

839.  How  is  the  gas  of  ignis-fatui  ignited  on  bogs  and 
meadows  ? 

A.  Impure  phosphuretted  hydrogen  bursts 
spontaneously  into  flame  whenever  it  mixes 
with  air  or  pure  oxygen  gas. 

Pure  phosphuretted  hydrogen  will  not  ignite  spontaneously:  this 
spontaneous  ignition  is  due  to  the  presence  of  a  small  quantity  of  the 
vapor  of  an  exceedingly  volatile  liquid  compound  of  phosphorus  with 
hydrogen,  which  is  occasionally  produced  with  the  gas  itself. 

If  phosphorus  be  boiled  with  milk  of  lime,  and  the  beak  of  the  retort 
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be  placed  under  water,  babbles  of  phosphuretted  hydrogen  will  rise 
successively  through  the  water,  and,  on  reaching  the  surface,  burst 
into  flame. 

840i  Why  does  an  ignis-fatuus,  or  will-o'-the-wisp,  fly 
from  us  when  we  run  to  meet  it  ? 

A.  Because  we  produce  a  current  of  air  in 
front  of  ourselves  when  we  run  toward  the 
ignis-fatuus,  which  drives  the  light  gas  for- 
ward. 

84  !•  Why  does  an  ignis-fatuus  follow  us  when  we  run 
from  it? 

A.  Because  we  produce  a  current  of  air  in 
the  way  we  run,  which  attracts  the  light  gas 
in  the  same  course,  drawing  it  after  us  as  we 
run  away  from  it. 

842«  May  not  many  ghost-stories  have  arisen  from 
gome  ignis-fatuus  lurking  about  churchyards  ? 

A.  Perhaps  all  the  ghost-stories  which  de- 
serve any  credit  at  all  have  arisen  from  the 
ignited  gas  of  churchyards,  lurking  about 
tombs, — to  which  fear  has  added  its  own 
creations. 


CHAPTER  VI.— COMBUSTION. 

843#  How  is  heat  evolved  by  combustion  ? 

A.  By  chemical  action.  As  latent  heat  is 
liberated,  when  water  is  poured  upon  lime, 
by  chemical  action,  so  latent  heat  is  liberated 
in  combustion  by  chemical  action  also. 


ftk  the  air,  and  of  soot  and  ashes 

«•  mat  consumed. 
f«-   Whj  is  a  ire,  after  it  has  bean  long  burning, 

rauae  the  whole  surface  of  the  fuel  is 
rfaly  heated  that  every  part  of  it  is 
r  a  rapid  onion  with  the  oxygen  of 

_  fire,  why  is  the  upper  surface  of  the 
the  tower  surface  red  t 

b  carbon,  being  solid,  requires  a 

rl  Agree  of  heat  to  make  it  unite  with 
■jgngen  of  the  air;  in  consequence  of 
^■nfcw  «*  hot  under  surface  of  coal  is  fre- 
Mggjfljhr  nd,  from  its  union  with  oxygen, 
55rttM  cold  upper  surface  remains  black. 

tO*  Which  burns  the  more  quickly,  a  blazing  fire  or 
%„*fc*ooer 
X.  Fuel  burns  most  quickly  in  a  blazing 

a* 

ayt,  Why  does  biasing  wood  burn  more  quickly  than 

X  Because  the  inflammable  gases  of  the 
|m|  (which  are  then  escaping)  greatly  assist 
d,  uocesa  of  combustion. 

■M  Why  do  the  coals  of  a  dear,  bright  fire  burn  out 

Jl  Because  most  of  the  inflammable  gases 
<t  mtich  of  the  solid  fuel  have  been  con- 
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sumed  already,  so  that  there  is  less  food  for 
combustion. 

860.  What  is  smoke  ? 

A.  Unconsumed  parts  of  fuel  (principally 
carbon)  separated  from  the  solid  mass,  and 
carried  up  the  chimney  by  currents  of  hot 
air. 

86 1#  Why  is  there  more  smoke  when  fresh  fuel  is 
added  than  when  the  fuel  is  red-hot  ? 

A.  Because  carbon,  being  solid,  requires  a 
great  degree  of  heat  to  make  it  unite  with 
oxygen,  or,  in  other  words,  to  bring  it  into  a 
state  of  perfect  combustion  :  when  fresh  fuel 
is  laid  on,  more  carbon  is  separated  than  can 
be  reduced  to  combustion,  and  the  surplus 
flies  off  in  smoke. 

862«  Why  is  there  so  little  smoke  with  a  red-hot  fire  ? 

A.  Because  the  entire  surface  of  the  fuel  is 
in  a  state  of  combustion ;  and,  as  very  little 
carbon  remains  unconsumed,  there  is  but 
little  smoke. 

863*  Why  are  there  bright  and  dark  spots  in  a  clear 
cinder  fire  ? 

A.  Because  the  intensity  of  the  combustion 
is  greater  in  some  parts  of  the  fire  than  it  is 
in  others. 

• 

864«  Why  is  the  intensity  of  the  combustion  so  un- 
equal ? 

A.  Because  the  air  flies  to  the  fire  in  vari- 
ous and  unequal  currents. 
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865.  Why  do  we  see  all  sorts  of  grotesque  figures  in 
hot  coals  ? 

A.  Because  the  intensity  of  combustion  is 
unequal,  owing  to  the  unequal  manner  in 
which  the  air  flies  to  the  fuel ;  and  the  vari- 
ous shades  of  yellow,  red,  and  white  heat, 
mingling  with  the  black  of  the  unburnt  coal, 
produce  strange  and  fantastic  figures. 

866«  Why  does  paper  burn  more  readily  than  wood  ? 

A.  Because  it  is  of  a  more  fragile  texture, 
and  therefore  its  component  parts  are  more 
easily  heated. 

867*  Why  does  wood  burn  more  readily  than  coal? 

A.  Because  it  is  not  so  solid,  and  therefore 
its  elemental  parts  are  more  easily  separated 
and  made  hot. 

868*  When  a  coal-fire  is  lighted,  why  is  charcoal  laid 
at  the  bottom,  against  the  grate  ? 

A.  Because  charcoal,  in  consequence  of  its 
fragile  texture,  very  readily  catches  fire. 

889#  Why  is  wood  laid  on  the  top  of  the  paper  ? 

A.  Because  wood,  being  more  substantial, 
burns  longer  than  paper,  and  therefore  af- 
fords a  longer  contact  of  flame  to  heat  the 
coal. 

870i  Why  would  not  paper  kindle  a  fire  as  well  as 
charcoal  ? 

A.  Because  paper  burns  out  so  rapidly  that 
it  would  not  afford  sufficient  contact  of  flame 
to  heat  the  coal  to  combustion. 
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871  •  Why  will  not  a  log  of  solid  wood  kindle  without 
shavings,  straw,  or  paper  ? 

A.  Because  wood  is  too  substantial  to  be 
heated  into  combustion  by  the  feeble  flame 
issuing  from  a  match. 

872*  Why  would  not  paper  do  as  well  if  placed  on  the 
top  of  the  wood  ? 

A.  Because  the  blaze  tends  upward :  if, 
therefore,  the  paper  were  placed  on  the  top, 
its  blaze  would  afford  no  contact  of  flame  to 
the  fuel  lying  below. 

87S#  Why  should  coal  be  placed  above  the  wood  ? 

A.  Because  otherwise  the  flame  of  the  fuel 
would  not  rise  through  the  coal  to  heat  it. 

874*  Why  is  a  fire  kindled  at  the  lowest  bar  of  the 
grate? 

A.  That  the  flame  may  ascend  through  the 
fuel  to  heat  it.  If  the  fire  were  kindled  from 
the  top,  the  flame  would  not  come  in  contact 
with  the  fuel  placed  below. 

875«  Why  will  cinders  become  red-hot  more  quickly 
than  coal ? 

A.  Because  they  are  sooner  reduced  to  a 
state  of  combustion,  as  they  are  more  porous 
and  less  solid. 

876«  Why  are  cinders  lighter  than  coal  ? 

A.  Because  they  are  full  of  little  holes, 
from  which  vapor,  gases,  and  other  volatile 
parts  have  been  driven  off  by  previous  com- 
bustion. 

ir>* 
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877.  Why  will  not  wet  kindfi^,  iwi%ht»fc»y 

A.  1st.  Because  the  moisture  rf  the  m-t 
kindling-wood  prevents  the  aiygCMi  rf  the 
air  from  getting  to  the  fuel;  and, 

2d.  The  heat  of  the  fire  is  perpetually 
drawn  off  by  the  conversion  rf  water  into 
steam. 

878*  Why  does  dry  wood  Irani  better  ttaa  gmt? 

A.  1st.  Because  none  of  its  heat  is  carried 
away  by  the  conversion  of  water  into  steam; 
and, 

2d.  The  pores  of  dry  wood,  being  filled 
with  air,  supply  the  fire  with  oxygen. 

87t#  Why  do  two  pieces  of  wood  Irani  bettor  than 

one? 

A.  1st.  Because  they  help  to  retain  the 
heat  of  the  passing  smoke  and  throw  it  on 
the  fuel ;  and, 

2d.  The  air,  impinging  against  the  pieces 
of  wood,  is  thrown  upon  the  fire  in  a  land  of 
eddy  or  draught. 

8H0«  Why  will  not  wood  or  paper  burn  if  steeped  in 
a  Holution  of  potash,  phosphate  of  lime,  or  ammonia 
(httrtHhorn)F 

A.  Because  any  "alkali"  (such  as  potash) 
will  arrest  the  hydrogen  which  escapes  from 
the  fuel,  and  prevent  its  combination  with 
the  oxygen  of  the  air. 

88 It  Why  does  a  jet  of  flame  sometimes  burst  into 
the  room  through  the  bars  of  a  stove  ? 

A.  Because  the  iron  bars  conduct  heat  to 
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the  interior  of  the  fuel,  and  the  volatile  gas 
which  escapes  from  it  is  kindled  by  the  glow- 
ing coals  over  which  it  passes. 

882#  Why  is  this  jet  sometimes  of  a  greenish-yellow 
color? 

A.  Either  because  some  lumps  of  coal  lie 
over  the  hot  bars,  or  because  the  coal  below 
is  not  red-hot;  in  consequence  of  which,  some 
of  the  gas,  which  is  of  a  greenish  color, 
escapes  unburnt. 

883§  Why  does  the  gas  escape  unburnt  ? 

A.  Because  neither  the  bars  nor  the  coal 
over  which  it  passes  are  red-hot. 

884*  Why  does  a  bluish  flame  sometimes  flicker  on 
the  surface  of  hot  cinders  ? 

A.  Because  the  gas  from  the  hot  coal  at 
the  bottom  of  the  grate,  mixing  with  the 
carbon  of  the  coal  above,  produces  an  inflam- 
mable gas,  called  carbonic  oxide,  which  burns 
with  a  blue  flame. 

885#  Why  is  the  light  of  a  fire  more  intense  some- 
times than  it  is  at  others  ? 

.  A.  The  intensity  of  fire-light  depends  upon 
the  whiteness  to  which  the  carbon  is  reduced 
by  combustion.  If  carbon  be  white-hot,  its 
combustion  is  perfect  and  the  light  intense : 
if  not,  the  light  is  obscured  by  smoke. 

886*  Why  will  not  cinders  blaze  as  well  as  fresh  coal? 

A.  The  flame  of  coal  is  made  chiefly  by 
hydrogen  gas :  as  soon  as  this  gas  has  been 
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consumed,  the  hot  cinders  produce  only  •. 
gas,  called  carbonic  acid,  which  is  neithe* 
luminous  nor  visible. 

887*  Where  does  the  hydrogen  gas  of  a  fire  con* 

from? 

A.  All  fuel  is  composed  of  carbon  and  hy- 
drogen gas,  which  are  separated  from  each 
other  by  the  process  of  combustion. 

888#  Why  does  a  fire  burn  clearest  on  a  frosty  night  f 

A.  Because  the  volatile  gases  are  more 
quickly  consumed,  and  the  solid  carbon  is 
plentifully  supplied  with  oxygen  from  the  air 
to  make  it  burn  brightly  and  intensely. 

889#  Why  does  a  fire  burn  more  intensely  in  winter 
than  in  summer? 

A.  Because  the  air  is  colder  in  whiter  than 

it  is  in  summer. 

890*  Why  does  the  coldness  of  the  air  increase  the 
heat  of  a  fire  ? 

A.  1st.  Because  air  condensed  by  the  cold 
supplies  more  oxygen  than  a  similar  volume 
of  warmer  air ;  and, 

2d.  Condensed  air,  being  heavy,  falls  more 
rapidly  into  the  place  of  the  hot  ascending 
air,  to  supply  the  fire  with  nourishment. 

891*  Ashes  or  cinders  are  put  over  the  fire  at  night 
to  prevent  its  burning  away :  can  you  tell  the  reason  for 
thus  covering  the  fire  r 

A.  The  ashes  or  cinders  prevent  the  oxy- 
gen of  the  air  from  gaining  free  access  to  the 
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fire ;  and,  as  fire  will  not  burn  without  a  sup- 
ply of  oxygen,  it  keeps  alive  for  several  hours 
without  being  wasted. 

892«  Why  does  the  air  flow  to  the  fire  more  tardily 
for  being  rarefied  ? 

A.  Because  the  greater  the  contrast  between 
the  external  air  and  that  which  has  been  heated 
by  the  fire,  the  more  rapid  will  be  the  current 
of  air  toward  that  fire. 

893*  Why  does  rarefied  air  afford  less  nourishment  to 
fire  than  cold  air  ? 

A.  Because  rarefied  air  contains  less  oxy- 
gen than  the  same  quantity  of  condensed  air, 
inasmuch  as  the  same  quantity  of  oxygen  is 
diffused  over  a  larger  volume  of  air. 

894#  Why  does  a  fire  burn  more  fiercely  in  the  open 
air? 

A.  1st.  Because  the  air  out-of-doors  is  more 
dense  than  the  air  in-doors  ;  and, 
2d.  It  has  freer  access  to  the  fire. 

895*  Why  is  the  air  out-of-doors  more  dense  than  that 
in-doors  ? 

A.  Because  it  has  freer  circulation;  and  as 
soon  as  any  portion  has  been  rarefied  it  in- 
stantly rises,  and  is  supplied  by  colder 
currents. 

896«  Why  does  a  fire  not  burn  so  fiercely  in  a  thaw 
as  in  a  frost  ? 

A.  Because  the  air  is  laden  with  vapor;  in 
consequence  of  which,  it  moves  more  slowly, 
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and  is  too  much  rarefied  to  afford  plentiful 
nourishment  to  the  fire. 

897.  Why  does  a  fire  burn  bo  fiercely  in  wrndy 
weather? 

A.  Because  the  air  is  rapidly  changed,  and 
affords  plentiful  nourishment  to  the  fire. 

8tt#  Why  does  a  pair  of  bellows  get  a  fire  up? 

A.  Because  it  drives  the  air  more  rapidly 
to  the  fire ;  and  the  plentiful  supply  of  oxy- 
gen soon  makes  the  fire  burn  intensely. 

8M»  What  gas  is  generated  in  a  common  fire  by  com* 
bastion? 

A.  Carbonic  acid  gas,  formed  by  the  union 
of  the  carbon  of  the  fuel  with  the  oxygen  of 
the  air. 

900i  What  is  carbonic  acid  gas  ? 

A.  Carbon  (or  charcoal)  combined  with 
oxygen  gas. 

901  •  If  a  piece  of  paper  be  laid  flat  on  a  clear  fire,  it 
will  not  blaze,  but  char :  explain  this. 

A.  The  carbon  of  a  clear  fire,  being 
sufficiently  hot  to  unite  with  the  oxygen  of 
the  air,  produces  carbonic  acid  gas,  which 
soon  envelops  the  paper  laid  flat  upon  the 
cinders;  but  carbonic  acid  gas  will  not  blaze. 

902i  If  you  blow  the  paper,  it  will  blaze  immediately: 
explain  this. 

A.  By  blowing  the  paper  or  opening  a 
door  suddenly,  the  carbonic  acid  is  dissipated, 
and  the  paper  fanned  into  flame. 
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90S*  Why  does  water  extinguish  a  fire  J 

A.  1st.  Because  the  water  forms  an  enve- 
lope over  the  fuel,  which  keeps  it  from  the 
air;  and, 

2d.  The  conversion  of  water  into  steam 
draws  off  the  heat  of  the  burning  fuel. 

904i  A  little  water  makes  a  fire  fiercer,  while  a  largei 
quantity  of  water  puts  it  out :  explain  this. 

A.  Water  is  composed  of  oxygen  and  hy- 
drogen :  when,  therefore,  the  fire  is  sufficiently 
intense  to  decompose  the  water  into  its  simple 
elements,  it  serves  as  fuel  to  the  flame. 

905*  How  can  water  serve  as  fuel  to  fire  ? 

A.  Because  the  hydrogen  of  the  water  burns 
with  a  flame ;  and  the  oxygen  of  the  water  in- 
creases the  intensity  of  that  flame. 

906*  When  a  house  is  on  fire,  is  too  little  water  worse 
than  none  ? 

A.  Certainly.  Unless  water  be  supplied  so 
plentifully  as  to  extinguish  the  fire,  it  will 
increase  its  intensity,  like  fuel. 

t07#  When  will  water  extinguish  fire  ? 

A.  When  the  supply  is  so  rapid  and  abun- 
dant that  the  fire  cannot  decompose  it. 

M&#  Cannot  wood  be  made  to  blaze  without  actual 
contact  with  fire  ? 

A.  Yes :  if  a  piece  of  wood  be  held  near  the 
fire  for  a  little  time,  it  will  blaze,  even  though 
it  does  not  touch  the  fire. 


TOkr  will  in  adjoining  house  sometimes  cat* 
■»  fame  of  the  burning  house  touches  it  ? 


jl  Sfecaus*  the  heat  of  the  burning  hous 
A  Shtfty  *^e  hydrogen  gas  of  the  woo< 
ut  A*  adjoining  house  ;  and  this  gas 
by  the  flames  or  red-hot  bricks  of  tt 

jtt  fin?- 

ijta  vlttfe  does  the  intensity  of  fire  depend  ? 

W  Tb*  intensity  of  fire  is  always  in  pn 
^ j^t  *>  the  quantity  of  oxygen  with  whic 

*^  lftv  is  a  dull  fire  revived   by  sweeping  tl 
^fcW  b*w  of  the  grate  ? 

k  Because  the  air,  which  was  arrested  b 
•fejw**  dust  and  cinders,  finds  its  way  freel 
^l  fire  as  soon   as  these   obstacles  ai 
away. 

of  a  fire  depends  on  its  supply  of  oxygen  <leriv< 
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914#  Why  will  powdered  sulphur  quench  fire  more 
readily  than  water? 

A.  1st.  Because  powdered  sulphur  has  a 
Very  strong  affinity  for  oxygen,  and  converts 
it  into  sulphurous  acid :  the  fire  is  thus  de- 
prived of  its  essential  food,  (oxygen,)  and  is, 
in  fact,  starved  out ;  and, 

2d.  Because  sulphurous  acid  throws  off 
dense  white  fumes,  and  surrounds  the  fire 
with  an  incombustible  atmosphere. 

When  we  burn  sulphur  in  air,  it  throws  off  suffocating  white  fumes, 
called  sulphurous  acid :  the  ignition  of  a  common  sulphur-match  is  an 
example. 

915#  When  is  a  substance  said  to  be  incombustible  ? 

A.  When  it  is  incapable  of  entering  into 
combination  with  oxygen. 

916#  Why  do  lamps  smoke  ? 

A.  Either  because  the  wick  is  cut  unevenly, 
or  else  because  it  is  raised  up  too  high. 

•17«  Why  does  a  lamp  smoke  when  the  wick  is  cut 
unevenly  ? 

A.  1st.  Because  the  points  of  the  jagged 
edge,  being  very  easily  separated  from  the 
wick,  load  the  flame  with  more  carbon  than 
it  csya  consume ;  and, 

2d.  As  the  heat  of  the  flame  is  greatly 
diminished  by  these  bits  of  wick,  it  is  unable 
to  consume  even  the  usual  quantity  of  smoke. 

•I8#  Why  does  a  lamp  smoke  when  the  wick  is  turned 
up  too  high  ? 

_  * 

A.    Because    more    carbon    is    separated 
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from  the   wick  than  can   be  consumed  by 

the  flame. 

919*  Why  docs  a  lamp-glass  diminish  the  smoke  of  a 
lamp  ? 

A.  1st.  Because  it  increases  the  supply  of 
oxygen  to  the  flame,  by  producing  a  draught; 
and, 

2d.  It  concentrates  and  reflects  the  heat  of 
the  flame ;  in  consequence  of  which,  the  com- 
bustion of  the  carbon  is  more  perfect,  and  very 
little  escapes  unconsumed. 

SECTION  L-SPONTANEOTTS  COMBUSTION. 
920«  What  is  meant  hy  spontaneous  combustion  ? 

A.  Combustion  produced  without  the  appli- 
cation of  flame. 

921  •  Give  an  example  of  spontaneous  combustion. 

A.  Goods  packed  in  a  warehouse  will  often 
catch  fire  of  themselves,  especially  such  goods 
as  cotton,  flax,  hemp,  rags,  &c. 

922«  Why  do  such  goods  sometimes  catch  fire  of  them- 
selves ? 

A.  Because  they  are  piled  together  in  very 
large  masses  in  a  damp  state  or  place.    .. 

923.  What  is  generally  the  cause  of  spontaneous  com- 
bustion ? 

A.  The  piled-up  goods  ferment  from  heat 
and  damp,  and  during  fermentation  carbonic 
acid  .gas  is  formed,  which  is  attended  with 
combustion. 
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924#  Why  does  this  produce  spontaneous  combustion  ? 

A.  The  damp  produces  decay,  or  the  de- 
composition of  the  goods ;  and  the  great  heat 
of  the  piled-up  mass  makes  the  decaying 
goods  ferment. 

925#  How  does  this  fermentation  produce  combustion  ? 

A.  During  fermentation,  carbonic  acid  gas 
is  given  off  by  the  goods,  and  a  slow  com- 
bustion ensues,  till  at  length  the  whole  pile 
bursts  into  flame. 

926#  Why  is  the  heat  of  a  large  mass  of  goods  greater 
than  that  of  a  smaller  quantity  ? 

A.  Because  the  carbonic  acid  cannot  escape 
through  the  massive  pile ;  and  the  products 
of  decomposition,  being  confined,  hasten  fur- 
ther changes. 

927#  Why  do  hay-stacks  sometimes  catch  fire  of  them- 
selves? 

A.  Either  because  the  hay  was  put  up 
damp,  or  else  because  rain  has  penetrated  the 
stack. 

928#  Does  heat  always  produce  light  ? 

A.  No :  the  heat  of  a  stack  of  hay,  though 
Very  great,  is  not  sufficient  to  produce  light. 

929#  Why  will  a  hay-stack  catch  fire  if  the  hay  be 
damp? 

A.  Because  damp  hay  soon  decays,  and 
undergoes  a  state  of  fermentation,  during 
which  carbonic  acid  gas  is  given  off,  and  the 
stack  catches  fire. 
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930#  Why  do  greasy  rags  sometimes  catch  fire  ? 

A.  Because  they  very  readily  ferment,  and 
during  fermentation  throw  off  exceedingly  in- 
flammable gases. 

Lamp-black  mixed  with  linseed  oil  is  very  liable  to  spontaneous 
combustion. 

BEOTIOBT  IL-FLAMR 
931.  What  is  flame? 

A.  The  rapid  combustion  of  volatile 
matter. 

932*  Why  is  the  flame  of  a  good  fire  yellow  ? 

A.  Because  both  the  hydrogen  and  carbon 
of  the  fuel  are  in  a  state  of  perfect  combustion. 
It  is  the  white  heat  of  the  carbon  which  ren- 
ders flame  luminous. 

933 •  Why  is  a  yellow  flame  brighter  than  a  red-hot 
coal  ? 

A.  Because  yellow  rays  produce  the  great- 
est amount  of  light.  Red  rays  produce  the 
greatest  amount  of  heat. 

934*  Why  is  the  flame  of  a  candle  extinguished  when 
blown  by  the  breath,  and  not  made  more  intense  like  a 
fire? 

A.  Because  the  flame  of  a  candle  is  confined 
to  a  very  small  wick,  from  which  it  is  severed 
by  the  breath,  and,  being  unsupported,  must 
go  out. 

935.  Why  is  a  smouldering  wick  sometimes  rekindled 
by  blowing  it  ? 

A.  Because  air  is  carried  to  it  by  the  breath 
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with  great  rapidity ;  and  the  oxygen  of  the 
air  kindles  the  red-hot  wick,  as  it  would  kindle 
charred  wood. 

936*  Why  is  not  the  red-hot  wick  kindled  by  the  air 
around  it  without  blowing  ? 

A.  Because  oxygen  is  not  supplied  with 
sufficient  freedom  unless  air  be  blown  to  the 
wick. 

93 7 #  When  is  this  experiment  most  likely  to  succeed  ? 

A.  In  frosty  weather;  because  the  air  con* 
tains  more  oxygen  when  it  is  condensed  by 
the  cold. 

938#  Why  does  the  wick  of  a  candle  when  the  flame 
has  been  blown  out  very  readily  catch  fire  ? 

A.  Because  the  wick  is  already  hot,  and  a 
very  little  extra  heat  will  throw  it  into  flame. 

939#  Why  does  the  extra  heat  revive  the  flame  ? 

A.  Because  it  again  liberates  the  hydrogen 
of  the  tallow,  and  ignites  it. 

940*  Explain  how  a  candle  burns  when  lighted. 

A.  1st.  The  heat  of  the  lighted  wick  de- 
composes the  tallow  into  its  elementary  parts 
of  carbon  and  hydrogen,  and  the  hydrogen 
of  the  tallow,  combining  with  the  oxygen  of 
the  air,  produces  flame ;  and, 

2d.  The  substance  in  the  wick,  having  its 
temperature  raised  by  the  application  of  heat, 
combines  with  the  oxygen  of  the  atmosphere, 
and  this  combination,  attended  with  the  evo- 
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Describe  the  different  parts  of  the  flame  of  a 
common  candle. 

A.  The  flame  consists  of  three  cones.  The 
innermost  cone  is  hollow,  the  outside  cone 
is  yellow,  and  the  intermediate  one  is  of  a 
dingy  purple  hue.  (See  Fig.  2.) 

947«  Why  is  the  outside  of  the  flame  yellow  ? 

A.  Because  the  carbon  of  the  tallow,  being 
in  a  state  of  perfect  combustion,  is  made  white- 
hot. 

948»  Why  is  the  lower  part  of  the  flame  purple  ? 

A.  Because  it  is  overloaded  with  hydro- 
gen, raised  from  the  tallow  by  the  burning 
wick ;  and  this  gas  (which  burns  with  a  blue 
flame)  gives  the  dark  tinge  to  the  lower  part 
of  the  candle-flame. 

949t  Why  is  the  inside  of  the  flame  hollow  ? 

A.  Because  it  is  filled  with  vapor  raised 
from  the  candle  by  the  heat  of  the  wick  and 
not  yet  reduced  to  a  state  of  combustion. 

950*  Why  is  the  intermediate  cone  of  a  flame  purple 
as  well  as  the  bottom  of  the  flame  ? 

A.  Because  the  gases  are  not  in  a  state  of 
perfect  combustion,  but  contain  an  excess  of 
hydrogen,  which  gives  the  flame  a  purple 
tinge. 

951 1  Why  is  not  the  middle  cone  in  a  state  of  per. 
feet  combustion,  as  well  as  the  outer  one  ? 

A.  Because  the  outer  cone  prevents  the 
oxygen  of  the  air  from  getting  to  the  middle 
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of  the  flame ;  and  without  the  free  access  of 
t*xvgeu  gas  there  is  no  such  thing  as  com- 
plete combustion. 

S32t  Why  does,  the  flame  of  a  candle  point  upward  ? 

A.  Because  it  heats  the  surrounding  air, 
which,  therefore,  rapidly  ascends,  driving  the 
flame  upward  at  the  same  time. 

t5St  Why  is  the  flame  of  a  candle  pointed  at  the  top 
Kke a  cone ? 

A.  Because  the  supply  of  hot  vapor  dimi- 
nishes as  it  ascends,  and,  as  it  affords  less 
resistance  to  the  air,  is  reduced  to  a  mere 
point. 

954#  Why  are  the  lower  parts  of  a  flame  less  volatile 
than  the  upper  ? 

A.  Because  they  are  laden  with  unconsumed 
gas  and  watery  vapor,  which  present  consider- 
able resistance  to  the  air. 

955,  Why  does  the  flame  of  a  candle  make  a  glass 
which  is  held  over  it  damp  ? 

A.  Because  a  "watery  vapor"  is  made  by 
the  combination  of  the  hydrogen  of  tallow 
with  the  oxygen  of  the  air;  and  this  "vapor" 
is  condensed  by  the  cold  glass  held  above  the 
flame. 

956.  Why  does  the  hand  held  above  a  candle  suffer 
jjofc  from  heat  than  when  it  is  placed  below  the  flame  or 
Qdonc  side  of  it? 

1^.  Because  the  hot  gases  and  air,  in  their 
it,  come  in  contact  with  the  hand  placed 
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above  the  flame ;  but  when  the  hand  is  placed 
below  the  flame  or  on  one  side,  it  only  feels 
heat  from  radiation. 

"  Radiation/'  emission  of  rays.  The  candle-flame  throws  out  rays 
of  light  and  heat  in  all  directions;  but  when  the  hand  is  held  above 
the  flame,  it  feels  not  only  the  heat  of  the  rays,  but  also  that  of  the 
ascending  current  of  hot  air,  <fcc. 

957t  Why  is  a  rush-light  extinguished  more  readily 
than  a  cotton- wick  candle  ? 

A.  Because  a  hard  rush  imbibes  the  melted 
fat  or  wax  much  more  slowly  than  porous 
cotton;  as  it  imbibes  less  fat,  it  supplies  a 
smaller  volume  of  combustible  gases,  and  of 
course  the  light  is  more  easily  extinguished. 

958#  Why  is  a  gas-flame  more  easily  extinguished 
when  the  jet  is  very  slightly  turned  on  than  when  it  is  in 
fall  stream  ? 

A.  Because  there  is  less  volume  of  combus- 
tible gases  in  the  small  flame  than  in  the  full 
blaze. 

959*  Why  does  an  extinguisher  put  a  candle  out  ? 

A.  Because  the  air  in  the  extinguisher  is 
soon  exhausted  of  its  oxygen  by  the  flame ; 
and  when  there  is  no  oxygen  flame  goes  out. 

960#  Why  does  not  a  candle  set  fire  to  a  piece  of 
paper  twisted  into  an  extinguisher  and  used  as  such  ? 

A.  1st.  Because  the  flame  very  soon  ex- 
hausts the  oxygen  contained  in  the  paper 
extinguisher;  and, 

2d.  The  flame  invests  the  inside  of  the  paper 
extinguisher  with  carbonic  acid  gas,  which 
prevents  it  from  blazing. 
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961*  A  long  wick  is  covered  with  an  efflorescence  at 

the  top :  what  does  this  arise  from  ?  ~ 

A.  The  knotty  or  flowery  appearance  of 
the  top  of  a  wick  arises  from  an  accumula- 
tion of  particles  partly  separated,  but  still 
loosely  hanging  to  the  wick. 

962*  Why  do  common  candles  require  snuffing  t 

A.  Because  the  heat  of  the  flame  is  not 

sufficient  to   consume   the  wick;    and  the 

longer  the  wick  grows   the   less  heat  the 
flame  produces. 

963*  Why  do  wax  candles  never  need  snuffing?  ' 

A.  Because  the  wick  of  wax  candles  is 
made  of  very  fine  thread,  which  the  heat  of 
the  flame  is  sufficient  to  consume :  the  wick 
of  tallow  candles,  on  the  other  hand,  is  made 
of  coarse  cotton,  which  is  too  substantial  to 
be  consumed  by  the  heat  of  the  flame,  and 
must  be  cut  off  by  snuffers. 

964*  Why  does  a  pin  stuck  in  a  rush-light  extinguish 
it? 

A.  Because  a  pin,  being  a  good  conductor, 
carries  away  the  heat  of  the  flame  from  the 
wick,  and  prevents  the  combustion  of  the 
tallow. 

965*  What  is  the  smoke  of  a  candle  ? 

A.  Solid  particles  of  carbon  separated  from 
the  wick  and  tallow,  but  not  consumed. 

968*  Why  are  not  all  the  particles  consumed  ? 

A.  The  combustion  of  the  carbon  depends 
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upon  its  combining  with  the  oxygen  of  the 
air:  as  the  outer  surface  of  the  flame  pre- 
vents the  access  of  air  to  the  interior  parts, 
much  of  the  carbon  of  those  parts  passes  off 
in  smoke. 

967*  Why  does  a  candle  flicker,  especially  just  pre- 
vious to  its  being  burnt  out? 

A.  Because  it  is  unequally  supplied  with 
combustible  gases.  When  a  candle  is  nearly 
burnt  out,  there  is  not  sufficient  tallow  or 
wax  to  keep  up  the  regular  Supply  of  com- 
bustible gas ;  in  consequence  of  which,  the 
flame  flickers  (that  is,  blazes)  when  it  is  sup- 
plied with  gas,  and  goes  out  for  a  moment 
when  the  supply  is  defective. 


PART  III 

METALS. 


CHAPTER  I.— METALS  AND  ALLOYS. 

SECTION  L-METALS. 
968»  What  are  some  of  the  properties  of  metals  ? 

A.  They  are  brilliant  when  polished ;  are, 
with  few  exceptions,  the  heaviest  of  all 
known  substances ;  and  are  malleable,  ductile, 
fusible,  and  opaque.  They  are  also  good  con- 
ductors of  heat  and  electricity. 

969«  What  is  meant  by  malleable  ? 

A.  A  metal  is  said  to  be  malleable  when 
it  spreads  out  when  beaten.  A  piece  of  glass 
would  fly  to  pieces  if  struck  with  a  hammer ; 
while  a  piece  of  metal  would  spread  out  into 
a  thin  plate. 

"  Malleable,"  from  the  Latin  malleus,  a  hammer. 

97©«  What  is  understood  by  ductile  ? 

A.  When  a  metal  possesses  the  property 
of  being  drawn  out  into  a  wire  without 
breaking,  it  is  said  to  be  ductile. 

971«   What  is  the  meaning  of  fusible? 

A.  Capable  of  being  fused,  or  melted. 

204 
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972*  Are  all  metals  solid  ? 

A.  Yes;  with  one  exception, — mercury, 
or  quicksilver ;  which  is  fluid  under  ordinary 
temperatures. 

973*  Name  the  principal  useful  metals. 

A.  Gold,  silver,  iron,  copper,  mercury,  tin, 
lead,  and  zinc. 

There  are  many  other  metals;  but  the  above-named  are  the  most 
useful. 

974t  What  peculiar  properties  belong  to  gold  ? 

A.  It  is  more  malleable  than  any  other 
metal.  It  does  not  tarnish  by  exposure  to 
air  or  water. 

A  single  grain  of  gold  may  be  beaten  out  to  cover  a  surface  of 
nearly  thirty  square  yards. 

•75»  What  peculiar  properties  belong  to  pure  silver  ? 

A.  It  is  supposed  to  be  the  best  conductor 
of  heat  and  electricity. 

976»  What  are  the  peculiar  properties  of  iron  ? 

A.  It  is  more  ductile  than  any  other  known 
metal,  and  is  strongly  attracted  by  the 
magnet. 

An  iron  wire  one-thirty-sixth  of  an  inch  in  diameter  will  support  a 
weight  of  sixty  pounds. 
The  loadstone,  or  natural  magnet,  is  an  oxide  of  iron,. 

•77»  What  are  the  peculiar  properties  of  copper  ? 

A.  It  is  very  malleable  and  ductile.  It  is 
hard,  elastic,  and  sonorous. 

Copper  was  first  wrought  by  the  Greeks  in  the  island  of  Cyprus, 
—whence  it  derives  its  name. 

Copper  plates  when  corroded  by  an  acid  form  a  rust  called  verdk 
gris.    Verdigris  is  manufactured  largely  in  France. 

13 
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$m  Ae  peculiar  properties  of  mereni}  ? 
ioid ;  it  is  of  a  silvery  white 
a  high  degree  of  lustre, 
expands  and    contracts   with 
of  temperature. 

4{«ijq»4iMff  and  oontraetint;  i»  any  alteration  of 

*nfci aaitable  fluid  for  the  tubes  of  thermometers. 

MTYtrmJlion,  and  the  medicine  called  calomel,  are 


■  the  peculiar  property  of  tin  ? 

_  i  a  silvery  whiteness  and  brilliancy, 

aj|  ^  mry  malleable.  Plates  of  tin  called 
^gllie  so  thin  that  one  thousand  of 
tie  only  one  inch  in  thickness. 

WW  ifl  block  tin  ? 

£*  Ifa  purified  by  heat, .  and  run  into 
which  form  blocks  of  great  size. 


jgl*  What  is  sheet  tin,  such  as  is  used  in  the  manu- 
©f  pans  and  other  utensils  ? 

X.  It  is  sheet  iron  dipped  into  melted  tin, 
%«prtkm  of  which  adheres  to  the  surface  as 
£»t  and  another  enters  into  the  iron  and 
qgfeYS  with  it. 

1^  ajaeienta  are  supposed  to  have  made  use  of  tin ;  and  there  is 
at«4  liarrn  for  believing  that  it  was  obtained  by  the  Phoenician*, 
■CLT  Cornwall  and  Spain,  at  least  one  thousand  years  before  Christ 

|g}.  What  are  the  peculiar  properties  of  lead  ? 

A*  It  is  a  very  soft  metal,  being  easily 

patched  by  the   finger-nail.      It  is  very 

slleable,  and  may  be  rolled  into  very  thin 

tea. 
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988t  Why  are  leaden  water-pipes  sometimes  in- 
jurious ? 

A.  Because  lead  is  easily  acted  on  by  soft 
water  containing  oxygen  and  carbonic  acid ; 
and,  as  lead  is  poisonous,  the  particles  con- 
tained in  the  water  render  it  unwholesome. 

984t  Has  spring-water  the  same  effect  on  lead  ? 

A.  No :  most  spring-waters  contain  salts 
of  various  kinds,  which  prevent  the  decom- 
position of  the  lead. 

985#  Is  lead  useful  in  the  arts? 

A.  Yes  :  the  white  lead  and  red  lead  used 
by  painters  are  made  from  lead.  Litharge 
is  also  a  preparation  of  lead. 

A  worker  in  lead  is  called  a  plumber, — from  the  Latin  plumbum, 
lead. 

Shot  are  made  of  an  alloy,  or  compound  of  lead  and  arsenic.  The 
arsenic  serves  to  render  the  lead  more  hard  and  brittle. 

986#  What  is  the  peculiar  property  of  zinc  ? 

A.  It  is  not  readily  acted  on  by  the  air  or 
water.  For  this  reason  it  is  used  for  roofing, 
lining  of  refrigerators,  gutters,  &c,  and  is 
also  employed  for  coating  iron  to  prevent 
rusting. 

987t  What  is  iron  thus  coated  with  zinc  called  ? 

A.  Galvanized  iron. 

988#  To  what  other  important  use  is  zinc  applied  ? 

A.  Zinc  is  used  in  the  construction  of 
voltaic  or  galvanic  batteries. 

In  commerce  zinc  is  known  by  the  name  of  spelter.  Large  quanti- 
ties are  obtained  from  the  mines  of  Silesia. 
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989t  Of  all  the  metals,  which  is  the  most  important 
and  useful  ? 

A.  Iron. 

990t  What  constitutes  the  great  difference  between 
iron  and  other  metals  ? 

A.  Its  hardness.  By  a  peculiar  process  it 
may  be  converted  into  steel,  which  is  so 
hard  that  it  will  cut  any  known  substance 
except  the  diamond. 

99 It  What  is  cast  iron  ? 

A.  Iron-ore  melted  in  a  furnace  and, 
while  in  the  liquid  state,  suffered  to  run  into 
moulds  of  sand. 

992#  What  is  wrought  iron  ? 

A.  It  is  made  from  cast  iron,  which,  after 
being  powerfully  heated  in  a  furnace,  is  made 
into  lumps,  which  are  hammered  and  drawn 
while  hot,  between  rollers,  into  bars. 

993.  What  is  steel  ? 

A.  Wrought  or  bar  iron  surrounded  with 
charcoal,  and  placed  during  six  or  eight  days 
in  a  furnace  intensely  heated :  the  carbon 
unites  with  the  iron,  and  forms  what  is  called 
"  carburet  of  iron,"  (or  steel.) 

When  the  bars  are  taken  out  of  the  furnace  they  are  covered  with 
blisters, — whence  the  name  of  blistered  steel. 

994t  What  is  cast  steel  ? 

A.  The  blistered  bars  of  steel  are  broken 
up  and  heated  in  a  furnace  until  complete 
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fusion  or  melting  takes  place.     This  is  cast 
steel. 

Shear  steel  is  made  by  breaking  tbe  blistered  bars  into  pieces  about 
eighteen  inches  in  length;  four  of  these  bars  and  one  about  double  the 
length  are  bound  together,  heated,  hammered,  heated  again,  and  then 
drawn  out  into  bars  of  any  required  dimensions. 

Shear  steel  derives  its  name  from  its  being  used  for  making  shears 
for  dressing  woollen  cloth. 

995#  What  remarkable  property  belongs  to  steel  ? 

A.  That  of  becoming  hard  when  suddenly 
cooled. 

SE0TI0H  H-ALLOYS. 
996.  What  is  an  alloy  ? 

A.  The  combination  of  one  or  more  metals 
is  called  an  alloy.  All  compound  metals  are 
alloys. 

997*  What  is  an  amalgam  ? 

A.  The  combination  of  quicksilver  with  a 
metal. 

998t  Name  some  of  the  principal  alloys. 

A.  Bronze,  bell-metal,  brass,  pewter,  Ger- 
man silver,  Britannia  metal,  solders,  &c. 

999#  What  are  the  component  parts  of  the  gold  coins 
of  the  United  States? 

A.  They  are  made  of  gold,  silver,  and 
copper. 

90  parts  of  gold,  2}  of  silver,  and  7£  of  copper. 

lOOOt  What  are  the  component  parts  of  the  silver 
Joins  of  the  United  States  ? 

A.  Silver  and  copper. 

90  parts  of  silver,  10  of  copper. 

IS* 
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rf  gall  and  copper  with 
at  fidbfe  to  tarnish ;  but  its 

by  immersing 


It  ia  ywpiily  an  alloy  of  copper  and 
i;  iMt  t&t  mm  it  generally  applied  to 
e  and  copper  leaf  which  is  made  in 
and  aold,  like  gold-leaf,  in  books. 

•  Genua  sOrer? 

German  silver,  or  white  copper,  (some- 
_  called  argentan,)  is  an  alloy  of  copper, 
and  nickel 

What  is  brass? 

A.  It  is  an  alloy  composed  of  copper  and 

ate* 

MMk  What  is  bronie  ? 

A.  An  alloy  of  copper  and  tin.  It  is  used 
Jbr  statues  and  other  works  of  art.  Guns 
«nd  cannon  for  field-service  are  made  of 
fcronae. 


Why  would  not  iron  answer  as  well  as  bronze 

A*  As  it  has  neither  so  much  strength  nor 
tenacity  as  bronze,  the  pieces  must  neces- 
sarily be  made  heavier. 

1#67«  In  what  respect  is  iron  preferable  to  bronze  for 
ttM-picccs  t 
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A.  Iron  is  less  expensive  than  bronze,  and 

is  more  capable  of  sustaining  long-continued 

firing  with  larger  charges.     Iron  cannon  are 

better  calculated  for  the   heavy  firing  of 

'  sieges. 

A  charge  is  the  powder  with  whioh  a  gun  or  cannon  is  loaded. 

1008.  What  is  pewter  ? 

A.  An  alloy  of  tin  and  lead. 

1009.  What  is  bell-metal  ? 

A.  It  is  a  mixture  of  copper  and  tin,  but 
contains  more  tin  than  bronze  does. 

•    1910#  What  is  Britannia  metal,  such  as  coffee  pots, 
teapots,  &c.,  are  made  of? 

A.  It  is  an  alloy  of  tin  with  lead,  cop- 
per, zinc,  antimony,  &c,  according  to  its 
|nality. 

1911.  What  is  type-metal  ? 

A.  The  metal  of  which  printing-types  are 
formed  is  an  alloy  of  lead,  tin,  and  antimony. 

1012*  How  is  iron  galvanized  ? 

A.  By  plunging  it  into  melted  zinc, — 
when  an  alloy  is  formed  on  the  surface, 
ffhich  prevents  oxidation,  or  rust. 

101St  How  are  looking-glasses  silvered  ? 

A.  An  amalgam,  or  compound  of  quick- 
Aver  and  tin,  is  spread  over  the  surface  of 
i  plate  of  glass. 
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1014#  What  is  common  solder? 

A.  Solder  is  a  mixture  of  lead  and  tin. 

Plumber's  solder,  1  part  tin,  and  1  lead.  Tinner's  solder,  1  part 
tin,  and  2  lead.  Fusible  s<  Ider,  2  parts  tin,  2  parts  lead,  and  5  parte 
bismuth ;  melts  at  197°. 


CHAPTER  II.— GLASS,  PORCELAIN, 
EARTHENWARE. 

1015#  What  is  glass  ? 

A.  Glass  is  a  mixture  of  silex  and  an 
alkali  (usually  the  carbonate  of  potash  or 
soda)  with  lime  or  oxide  of  lead,  according 
to  the  quality  of  glass  to  be  manufactured. 
These  substances  are  melted  together  at  a 
high  temperature,  which  expels  the  carbonic 
acid.  The  mass  is  left  to  cool,  until  it  is  in 
a  proper  state  for  working. 

1016*  How  is  glass  worked  ? 

A.  Articles  of  blown  glass,  such  as  bottles, 
&c,  are  made  thus.  The  workman  has  an 
iron  tube,  live  or  six  feet  long,  with  a  mouth- 
piece of  wood,  to  prevent  the  heat  of  the 
tube  from  injuring  his  mouth  :  this  tube  he 
inserts  into  the  pasty  glass,  and  collects  a 
lump  large  enough  to  form  a  bottle;  he 
then  rolls  it  on  a  marble  slab  into  a  pear- 
shaped  ball ;  this  is  inserted  into  a  metal 
mould  which  opens  and  shuts  on  hinges: 
he  then  blows  through  the  tube  so  as  to  ex- 
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pand  the  cooling  glass  into  the  shape  of  the 
mould;  the  mould  is  then  opened,  and  the 
bottle  is  taken  out  at  the  end  of  the  tube ;  it 
is  then  touched  with  a  rod  of  cold  iron,  which 
cracks  off  the  bottle  at  its  mouth-piece. 

101 7#  How  is  plate-glass  made  ? 

A.  It  is  cast  on  a  flat  metal  table,  and, 
after  careful  annealing,  is  ground  and  polished 
by  machinery. 

"  Annealing,*%i  process  which  renders  glass  less  brittle  or  liable  to 
break.  This  extreme  brittlenets  is  prevented  by  placing  the  glass  in 
an  oven,  where  it  will  cool  very  slowly.  It  requires  some  hours,  or 
•van  days,  to  cool. 

101 8#  How  is  plate-glass  ground  ? 

A.  One  plate  of  glass  is  attached  to  a 
table,  and  a  smaller  one  is  firmly  fixed  in  a 
wooden  frame.  The  smaller  one  is  made 
to  move  over  the  lower  plate  by  means  of 
machinery.  At  first,  moistened  sand  is 
thrown  between  the  plates ;  as  they  become 
smoother,  wet  emery  of  different  degrees  of 
fineness  is  used,  instead  of  the  sand ;  lastly, 
tt  is  polished  with  putty  of  tin. 

"Putty  of  tin"  is  made  thus.  Tin  is  heated  above  its  melting-point , 
tt  then  oxidizes  rapidly,  and  is  converted  into  a  whitish  powder  used 
in  the  arts  for  polishing,  under  the  name  of  putty  powder,  or  putty 
•f  tin. 

1#19.  For  what  purpose  is  plate-glass  used  ? 

A.  For  mirrors  and  large  window-panes. 

1920*  How  are  mirrors  made ? 

A.  They  are  made  of  plate-glass  covered 
with  an  alloy  of  mercury  and  tin. 

Hie  alloy  is  formed  of  30  parts  mercury,  70  tin. 
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lfhttt  is  porcelain  f 

A%  AD  kinds  of  china-ware,  such  as  are 
Hiwft  frr  dishes,  cups,  &e.,  are  denominated 
MflWlaui:  some  kinds  are  much  finer  and 
mow  beautiful  than  others* 

^beivat  royal  table-aerriee  of  Bogtish  aamifeetnre  ra  Made  for 
tyie*  Ctariotte,  wife  of  George  ILL,  by  JotUh  Wedgwood,  who  was 
fertfcwft*.  appointed  ber  royal  potter.  Tola  kind  of  ware  waa  after- 
**jrip.  nXUSk  Queenaware. 

IMS*  Of  what  is  porcelain  composed  f 

A,  The  chief  materials  used  if  its  manu- 
facture are  a  certain  clay  derived  from  de- 
composed feldspar,  calcined  flints  finely 
ground,  together  with  a  portion  of  feldspar 
reduced  to  powder. 

"Feldapar,"  a  kind  of  mineral.  "Calcined/'  heated  intensely  ae 
M  to  crumble. 

1023*  How  are  these  materials  mixed  together  ? 

A.  They  are  put  into  a  kind  of  mill, 
which  is  a  large  cylindrical  vessel  or  tub, 
into  which  a  small  stream  of  water  is  con- 
stantly suffered  to  trickle.  The  mass  is  now 
ground  or  mixed  into  a  kind  of  pap  or 
dough.  This  dough  is  kneaded  or  worked 
with  the  hands  until  the  mass  is  quite 
smooth  and  of  a  uniform  color.  It  is  now 
ready  for  moulding. 

1024 •  What  is  moulding  ? 

A.  Forming  the  dough  or  paste  into  the 
shape  required,  such  as  bowls,  plates,  cups/ 
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1025t  How  are  these  articles  moulded  ? 

A.  The  operation  is  performed  on  a  ma- 
chine called  a  potter's  lathe.  A  small  piece 
of  the  clay  or  dough  is  placed  upon  this 
lathe,  and,  owing  to  the  rapid  rotary  motion 
of  the  machine,  the  workman  is  able  to 
shape  a  vessel  by  keeping  his  hands  con- 
stantly wet;  he  moulds  it  to  a  proper  size 
by  means  of  pegs  and  gauges.  It  is  suffered 
to  dry  partially,  and  is  then  placed  upon 
another  lathe,  when  it  is  shaped  more  evenly 
and  accurately  and  smoothed  and  burnished 
with  a  polished  steel  surface.  The  vessels 
are  then  put  into  a  kiln  and  baked. 

1026*  How  long  is  porcelain  usually  baked  ? 

A.  It  requires  forty  hours  or  more. 

1027*  How  is  the  gloss  given  to  china  plates  ? 

A.  This  is  called  glazing.  Glaze  is  made 
in  various  ways,  according  to  the  quality  of 
the  articles  to  be  glazed. 

Gypsum,  silica,  and  a  little  porcelain  clay 
are  ground  together  and  diffused  through 
water.  Sometimes  a  little  lead  is  added. 
Each  article  is  dipped  for  a  moment  in  this 
mixture  and  withdrawn.  The  water  sinks 
into  the  substance,  leaving  the  powder  evenly 
spread  on  its  surface.  They  are  once  more 
dried,  and  put  into  a  kiln  which  is  fired  at 
an  extremely  high  temperature.     The  ware 
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is  then  finished,  unless  it  is  to  be  gilded  or 
otherwise  ornamented. 

1928.  How  ia  stoneware,  such  as  is  used  for  jugs, 
jura,  &<;.,  made  '! 

A.  This  is  a  very  coarse  kind  of  porcelain, 
made  from  clay  containing  oxide  of  iron  and 
a  little  lime. 

1029.  How  is  stoneware  glazed  ? 

A.  By  throwing  common  salt  into  the 
heated  furnace :  this  is  volatilized  by  the 
vapor  of  water  which  is  always  present,  and 
the  silica  of  the  clay  of  which  the  ware  is 
composed.  This  fuses  over  the  surface  of 
the  ware  and  gives  a  thin  but  excellent 
glaze. 

"  VolatiliiB,"  to  fly  off.     "  Fuses,"  melts  or  liquefies  bj  hut. 

1 030.  What  is  earthenware  ? 

A.  This  is  composed  of  a  species  of  clay 
mixed  with  silica.  It  is  moulded  in  the 
same  manner  as  porcelain,  dried  and  baked 
in  a  kiln  :  it  is  then  glazed  with  a  mixture 
which  contains  the  oxides  of  lead  and  tin, 
after  which  it  is  reheated. 
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PART  IV. 


ORGANIC  CHEMISTRY. 


1031*  What  is  organic  chemistry? 

A.  The  chemistry  of  compounds  obtained 
either  directly  or  indirectly  from  organic 
substances,  vegetable  or  animal. 

1032t  What  are  the  elements  which  compose  organic 
substances  generally? 

A.  All  organic  substances,  with  compara- 
tively few  exceptions,  are  composed  of  car- 
bon, hydrogen,  oxygen,  and  nitrogen. 

Sulphur  and  phosphorus  are  occasionally  associated  with  these,  and 
also  certain  compounds  containing  chlorine,  iodine,  Ac. 


CHAPTER  L— SUGAR. 
10S3.  Of  what  is  sugar  composed  ? 

A.  Of  carbon,  hydrogen,  and  oxygen. 

10S4f  Is  sugar  a  vegetable  substance  ? 

A.  Yes :  it  is  found  in  the  juice  of  many 
plants  and  in  the  sap  of  several  trees;  but 

1X1 
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it  is  extracted  in  the  greatest  abundance 
from  the  juice  of  the  sugar-cane,  which  is 
cultivated  for  that  purpose  in  the  Southern 
States. 

ItSSt  From  what  other  sources  is  sugar  obtained  ? 

A.  From  the  sugar-maple,  which  grows 
abundantly  in  the  United  States,  and  from 
beet-root 

Tto  ittfar-maple  ia  a  spooies  of  m»ple,  the  botanical  name  of  which 
it  A*r *— -•-— - 


Ittft  How  is  sugar  made  from  the  sugar-cane  f 

A.  The  cane  is  crushed,  and  the  expressed 
juice  mixed  with  a  small  quantity  cf  slacked 
lime  and  heated  to  near  the  boiling-point: 
the  clear  liquid  thus  produced  is  rapidly  eva- 
porated in  an  open  pan,  after  which  it  is 
transferred  to  a  shallow  vessel  and  left  to 
crystallize,  during  which  time  it  is  frequently 
agitated,  in  order  to  hinder  the  formation  0/ 
large  crystals :  it  is  then  drained  from  the 
syrup,  or  molasses.  This  is  what  is  called 
raw  or  Muscovado  sugar ;  after  which  it  is 
refined. 

1037*  How  is  sugar  refined  ? 

A.  By  re-dissolving  it  in  water,  and  adding 

(i  cortaiu  quantity  of  albumen  in  the  shape  of 

blood  or  white  of  egg,  and  sometimes  a  little 

water,  and  heating  the  whole  to  the 

g-point. 
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1038t  What  effect  has  the  albumen  on  the  sugar  ? 

A.  It  coagulates,  and  forms  a  kind  of  net- 
work of  fibres,  which  enclose  and  separate 
from  the  liquid  all  the  impurities  suspended 
in  it. 

1039*  What  is  the  next  process  toward  making  sugar? 

A.  It  is  then  filtrated  through  charcoal, 
evaporated,  and  put  into  conical  earthen 
moulds,  where  it  solidifies.  It  is  then 
drained  and  dried,  and  the  product  is  the 
ordinary  loaf-sugar. 

1040»   What  is  grape  sugar  ? 

A.  It  is  the  sugar  of  fruits,  and  is  abun- 
dantly diffused  throughout  the  vegetable 
kingdom.  It  is  called  grape-sugar  because 
it  may  be  extracted  in  large  quantities  from 
the  juice  of  sweet  grapes.  Grape-sugar  forms 
the  solid  crystalline  portion  of  honey. 
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CHAPTER   IL— FERMENTATION  AND 

PUTREFACTION. 

SECTION  L-FEBMEBTTATIOH. 
1041  •  What  is  fermentation? 

A.  Fermentation  is  a  change  effected  in 
the  elements  of  a  body  composed  of  carbon, 
hydrogen,  and  oxygen. 

1042t  What  new  compounds  are  produced  by  the 
change  called  fermentation  ? 

A.  Alcohol  and  carbonic  acid.  The  alco- 
hol is  still  further  changed,  unless  the  process 
be  checked,  into  acetic  acid,  or  vinegar. 

1043*  What  are  the  elements  of  grape-sugar  ? 

A.  Carbon,  oxygen,  and  hydrogen,  in  equal 
oroportions. 

1044*  What  changes  does  sugar  undergo  by  ferment. 

ation  ? 

A.  It  is  first  decomposed,  and  then  its  ele- 
ments reunite  in  different  proportions,  pro- 
ducing alcohol,  carbonic  acid,  and  water. 

Of  sugar,  one  portion  is  alcohol  and  another  carbonic  acid, — as  may 
be  seen  by  the  following  table : — 

Carb.  Oxy.  Hyd. 

Every  atom  of  anhydrous  sugar  contains 12     12     12 

Two  atoms  of  alcohol  contain 8      4     12 

Four  atoms  of  carbonic  acid  contain 4       8       0 


12     12     12 


"  Anhydrous  sugar"  is  sugar  dried  at  300°. 


1045*  How  does  sugar  form  alcohol  by  fermentation? 

A.  Two-thirds  of  its  carbon  and  one-third 
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of  its  oxygen  reunite  with  the  hydrogen  and 
generate  alcohol. 

1016*  How  does  sugar  form  carbonic  acid  by  fer- 
mentation ? 

A.  The  remaining  one-third  of  its  carbon 
and  two-thirds  of  its  oxygen  reunite  and 
generate  carbonic  acid. 

1047#  What  becomes  of  the  alcohol  which  is  thus 
generated  by  fermentation  ? 

A.  It  mixes  with  the  water,  and  forms  the 
intoxicating  part  of  beer  and  wine. 

1048#  What  becomes  of  the  carbonic  acid  which  is 
generated  by  fermentation  ? 

A.  It  escapes  into  the  air. 

1049.  Why  is  barley  malted  ? 

A.  Because  germination  is  produced  by  the 
artificial  heat,  and  in  germination  the  starch 
of  the  grain  is  converted  into  sugar. 

1050.  What  is  alcohol  ? 

A.  The  spirit  of  beer  and  wine,  obtained 
by  fermentation. 

1051*  Of  what  elements  is  alcohol  composed  ? 

A.  Of  carbon,  oxygen,  and  hydrogen. 

Of  alcohol,  4  parts  are  carbon,  2  oxygen,  and  6  hydrogen. 

1052t  What  is  meant  hy  spirit  above  and  below  proof? 

A.  If  we  say  that  spirit  is  ten  over  proof, 
we  mean  that  one  hundred  gallons  of  it  will 
require  ten  gallons  of  water  to  reduce  the 
spirit  to  proof  strength.  So,  on  the  converse, 
if  we  say  that  spirit  is  ten  under  proof,  we 
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mean  that  ten  gallons  of  water  must  be  taken 
from  the  spirit  to  raise  it  to  proof  strength. 

The  strength  of  spirit  is  now  tested  by  an  instrument  called  the 
hydrometer. 

1053*  Why  is  it  not  needful  to  put  yeast  into  grape- 
juice  in  order  to  produce  fermentation  ? 

A.  Because  grape-juice  contains  a  sufficient 
quantity  of  a  nitrogenized  substance  (like 
yeast)  to  produce  fermentation. 

"  Nitrogenized/'  that  is,  containing  nitrogen. 

1054*  Of  what  does  the  juice  of  grapes  consist  ? 

A.  Mainly  of  water,  holding  in  solution 
albumen,  sugar,  cream  of  tartar,  &c. 

1055*  How  is  wine  made  ? 

A.  The  albumen  contained  in  the  juice  of 
the  grapes  undergoes  a  change,  and  acquires 
the  power  of  exciting  fermentation  in  any 
liquid  containing  sugar. 

1056.  What  is  the  albumen  called  when  it  possesses 
this  property  ? 

A.  It  is  called  lees  of  wine. 

1057*  How  are  champagne  and  sparkling  hock  made? 

A.  The  fermentation  of  the  grape-juice  is 
checked  before  it  is  complete :  the  wine  is 
bottled,  and  the  process  of  fermentation  is 
continued  in  the  bottles. 

1058.  Why  do  these  wines  sparkle  1 

A.  Because  the  carbonic  acid,  being  disen- 
ged  under  considerable  pressure,  is  retained 
the  wine. 
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1059.  Why  do  not  grapes  ferment  while  they  hang  on 
the  vine? 

A.  Because  the  water  of  the  juice  eva- 
porates  through  the  skin,  and  allows  the 
grapes  to  shrivel  and  dry  up  after  they  are 
ripe. 

Fermentation  cannot  occur  unless  the  sugar  be  dissolved  in  a  suffi- 
cient quantity  of  water. 

1M0.  What  is  gluten  ? 

A.  A  tough,  elastic  substance,  composed  of 
carbon,  oxygen,  hydrogen,  and  nitrogen. 

1081.  Does  malt  contain  gluten  ? 

A.  Yes.  The  infusionofmaltcalled  "sweet- 
wort"  contains  an  abundance  of  gluten ;  and 
the  yeast,  which  converts  its  sugar  into  alco- 
hol, converts  this  gluten  into  yeast. 

1062.  How  is  barley  malted  ? 

A.  It  is  moistened  with  water,  and  heaped 
up ;  by  which  means  great  heat  is  produced, 
which  makes  the  barley  sprout. 

1068.  Why  is  not  the  barley  suffered  to  grow  as  well 
u  sprout  1 

A.  Because  plants  in  the  germ  contain 
more  sugar  than  in  any  other  state  :  as  soon 
as  the  germ  puts  forth  shoots,  the  sugar  of 
the  plant  is  consumed  to  support  the  shoot. 

1M4>  How  is  barley  prevented  from  shooting  in  the 
process  of  malting  ? 

A.  It  is   put-  into  a  kiln  as   soon  as  it 
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sprouts,  and  the  heat  of  the  kiln  checks  or 
destroys  the  young  shoot. 

1065.  What  is  yeast  ? 

A.  The  foam  of  beer,  or  of  some  similar 
liquor,  produced  by  fermentation. 

1066*  Why  is  yeast  used  in  brewing  ? 

A.  Because  it  consists  of  a  substance  called 
gluten,  undergoing  putrefaction;  in  which 
state  it  possesses  the  peculiar  property  of  ex- 
citing fermentation. 

If  the  gluten  were  not  in  a  putrefying  ftate,  it  could  not  produce 
fermentation. 

1067*  Why  is  yeast  needful  in  order  to  make  malt 
into  beer? 

A.  Because  the  presence  of  a  putrefying 
body  containing  nitrogen  is  essential  in  order 
to  convert  sugar  into  alcohol. 

1068*  What  effect  has  yeast  upon  the  sweet- wort  ? 

A.  It  causes  the  sugar  to  be  converted  into 
alcohol  and  carbonic  acid. 

1069*  Why  is  porter  much  darker  than  ale  or  beer  ? 

A.  Because  the  malt  of  which  porter  is 
made  is  dried  at  a  higher  temperature,  and 
slightly  charred. 

Small  beer  is  a  weak  wort  fermented,  and  contains  1}  per  cent  of 
alcohol. 
Ale  is  a  stronger  wort,  and  contains  7  per  cent  of  alcohol. 
Porter  contains  4£  per  cent  of  alcohol. 
Brown  Stout  contains  6|  per  cent  of  alcohol, 
ton  Ale  contains  8&  per  cent  of  alcohol. 
>rt"  is  the  fermentablo  infusion  of  malt  or  grain. 
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1070*  What  is  the  froth  or  scum  of  fermented 
liquors  ? 

A.  Putrefying  glutinous  substances,  of  a 
nature  similar  to  yeast,  which  rise  to  the 
surface  from  their  lightness. 

1071  •  Why  is  beer  flat  if  the  cask  be  left  open  too 
long? 

A.  Because  too  much  of  the  carbonic  acid 
gas  produced  by  fermentation  is  suffered  to 
escape. 

1072*  Why  does  milk  turn  sour  ? 

A.  Because  it  undergoes  fermentation, 
during  which  "  lactic  acid "  is  formed,  and 
the  milk  becomes  sour. 

The  lactic  acid  is  formed  from  the  sugar  of  milk  by  fermentation. 

1073*  Why  does  milk  turn  sour  in  hot  weather  much 
sooner  than  in  cold  ? 

A.  Because  heat  very  greatly  accelerates 
the  process  of  fermentation,  during  which 
lactic  acid  is  formed. 

1074t  Why  cannot  stale  milk  be  boiled  without  curd- 
ling it  ? 

A.  Because  stale  milk  is  in  an  incipient 
state  of  fermentation,  which  the  heat  of  the 
fire  greatly  accelerates ;  and  the  lactic  acid 
which  is  formed  during  fermentation,  mixing 
with  the  casein  of  the  milk,  coagulates  it. 

1075.  Why  does  a  small  portion  of  corrosive  sublimate 
keep  paste  from  turning  sour  ? 

A.  Corrosive  sublimate,  being  a  powerful 
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antiseptic,  prevents   fermentation,  which  is 
the  cause  of  the  paste  turning  sour. 

1076.  What  is  bread  ? 

A.  It  is  a  kind  of  food  prepared  generally 
from  the  flour  of  wheat  mixed  with  water  to 
a  dough,  and  submitted  to  the  action  of  heat 
to  bake.  This  kind  of  bread  is  called  unfer- 
mented  or  unleavened  bread. 

1077*  What  is  leavened  bread  ? 

A.  It  is  flour  mixed  to  a  dough  with  water, 
to  which  is  added  a  little  leaven  (or  dough 
which  has  been  fermented)  or  yeast. 

1078.  What  effect  has  the  yeast  on  the  dough  ? 

A.  It  assists  in  the  fermentation  of  the 
dough,  by  which  means  carbonic  acid  is  gene- 
rated in  the  mass  and  makes  the  bread  porous 
and  light :  it  is  then  placed  in  the  oven,  and 
this  gas,  expanding  by  heat,  raises  the  dough 
still  more,  and  puts  a  stop  to  any  further  fer- 
mentation. 

1079*   How  does  fermentation  make  the  dough  rise? 

A.  During  fermentation,  carbonic  acid  gas 
is  evolved;  but  the  sticky  texture  of  the 
dough  will  not  allow  it  to  escape ;  so  it 
forces  up  little  bubbles  all  over  the  dough. 

1080«  Why  is  new  bread  indigestible  ? 

A.  Because  the  change  called  "panary  fer- 
\tation"  is  not  completed. 

iary,"  from  the  Latin  word  pain's,  bread.     "Panary  fermenta-" 
jans  the  fermentation  that  dough  undergoes  in  order  to  become 
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The  sugar  of  the  dough  is  converted  into 
alcohol  and  carbonic  acid  by  fermentation : 
the  dough,  being  adhesive,  prevents  the  es* 
cape  of  these  products  till  the  mass  is  baked, 
— when  the  gas  expands  and  bursts  through 
the  mass,  leaving  a  number  of  holes  or  blad- 
ders, showing  where  it  was  confined. 

So  long  as  the  bread  is  warm,  the  process 
of  fermentation  is  going  on  :  therefore  bread 
should  never  be  eaten  till  it  is  twenty-four 
hours  old. 

1081*  Why  does  baking  dough  convert  it  into  bread? 

A.  When  dough  formed  of  flour  is  baked, 
a  portion  of  its  starch  is  changed  into  a  gum 
called  dextrin. 

A  similar  change  is  produced  upon  the  fari- 
naceous portion  of  the  dough.  The  yeast  added 
to  the  dough  converts  part  of  the  starch  and 
sugar  into  alcohol  and  carbonic  acid :  of  these 
the  alcohol  evaporates  in  the  oven,  and  the 
carbonic  acid  forces  the  dough  into  bubbles 
in  its  effort  to  escape,  rendering  the  bread 
light  and  full  of  holes. 

In  100  pounds  of  bread  and  100  pounds  of  dough  there  are — 


Starch. 

Sugar. 

Dextrin. 

....  53*     " 

3*     "       .... 

....  18  X  100 

Whence  it  will  be  seen  that  16}  pounds  of  starch  have  been  con- 
verted  into  the  gum  called  dextrin  by  baking. 

Dextrin  is  a  gummy  matter  similar  to  that  which  composes  the  cells 
of  wood,  (called  cellulin,)  except  that  it  is  soluble  in  cold  water. 

Diastase  is  a  peculiar  vegetable  principle  of  malt,  extracted  by  watev 
which  converts  starch  into  dextrin  or  sugar. 
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1982*  Why  is  dough  placed  before  the  fire  ? 

A.  1st.  Because  the  heat  of  the  fire  increases 
the  fermentation ;  and, 

2d.  It  expands  the  gas  confined  in  the 
little  bubbles ;  in  consequence  of  which,  the 
bubbles  are  enlarged,  and  the  dough  becomes 
lighter  and  more  porous. 

1083.  Why  will  dough  not  rise  in  cold  weather  unless 
It  be  placed  near  the  fire  ? 

A.  Because  it  gets  cold ;  and  then  the  air 
in  the  little  bubbles  condenses,  the  paste 
falls,  and  the  bread  becomes  close  and  heavy. 

1084.  Why  is  well-made  bread  full  of  holes  or 
bubbles  ? 

A.  Because  the  fermentation  of  the  dough 
throws  up  little  bubbles  filled  with  carbonic 
acid  gas;  and  when  the  dough  is  baked, 
these  bubbles  are  made  permanent  in  the 
bread. 

SECTION  n.-PUTKEFA0TI0N. 

1085.  What  is  the  difference  between  fermentation 
md  putrefaction  ? 

A.  Fermentation  is  a  change  effected  in 
the  elements  of  a  body  composed  of  carbon, 
oxygen,  and  hydrogen,  without  nitrogen : 
putrefaction  is  a  change  effected  in  the  ele- 
ments of  a  body  composed  of  carbon,  oxygen, 
hydrogen,  and  nitrogen. 

1086.  What  new  compounds  are  produced  by  thf 
change  called  putrefaction  ? 
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A.  The  carbon,  oxygen,  hydrogen,  and  ni- 
trogen of  the  original  substance,  being  sepa- 
rated by  decomposition,  reunite  in  the  follow- 
ing manner: — 1.  Carbon  and  oxygen  unite  to 
form  carbonic  acid;  2.  Oxygen  and  hydrogen 
unite  to  form  water;  3.  Hydrogen  and  nitro- 
gen unite  to  form  ammonia. 

Hartshorn  is  a  solution  of  ammonia  in  water. 

When  bodies  containing  sulphur  and  phosphorus  putrefy,  the  sul- 
phur and  phosphorus  unite  with  hydrogen,  and  form  sulphuretted  and 
phosphuretted  hydrogen  gases. 

1087*  What  becomes  of  these  several  products  of 
putrefaction  ? 

A.  They  are  all  elastic  bodies,  and  escape 
into  the  air. 

Water  is  clastic  and  gaseous  when  in  the  condition  of  vapor. 

1088*  What  is  the  cause  of  the  offensive  smell  which 
issues  from  putrefying  bodies  ? 

A.  The  evolution  of  ammonia,  or  of  sul- 
phuretted and  phosphuretted  hydrogen  gases, 
— all  of  which  have  pungent  and  offensive 
odors. 

1989*  What  change  is  produced  in  gluten  by  putre- 
faction ? 

A.  Its  elements  are  loosened  from  their 
former  conditions  of  combination,  and  re- 
arranged, with  the  addition  of  oxygen  from 
the  air,  into  a  new  series. 

1090*  Why  do  boiled  eggs  discolor  a  silver  spoon  ? 

A.  Because  they  contain  a  small  portion 
of  sulphur,  which  unites  with  the  silver  (for 
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which  it  has  a  great  affinity)  and  tarnishes 
it. 

Both  the  white  and  yolk  contain  sulphur, — the  latter  more  abun- 
dantly. 

1091*  What  causes  the  offensive  smell  of  stale  hard- 
boiled  eggs  ? 

A.  The  hydrogen  of  the  egg  combining 
with  the  sulphur  and  phosphorus  form  sul- 
phuretted and  phosphuretted  hydrogen, — 
both  of  which  gases  have  an  offensive  odor. 

Of  an  egg,  55  parts  are  carbon,  16  nitrogen,  7  hydrogen,  and  the 
remaining  22  are  oxygen,  phosphorus,  and  sulphur. 

1092*  Decaying  vegetables  are  first  of  a  brownish  tint : 
why  do  they  afterward  turn  of  a  blackish  color  ? 

A.  Because  the  hydrogen  of  the  decaying 
vegetables  is  separated  from  the  mass  by  the 
process  of  decay,  and  leaves  a  larger  propor- 
tion of  carbon  behind. 

Vegetable  fibre  contains  52J  per  cent,  of  carbon;  when  partially  de- 
cayed, i)4  per  cent. ;  when  black  with  decay,  56  per  cent. 

1093.  Why  are  decaying  vegetables  always  moist? 

A.  Because  the  hydrogen  and  oxygen  of 
the  vegetables  are  given  up  by  decay,  and 
unite  to  form  water. 

Decaying  vegetables  combine  into  the  following  new  forms  : — 1st. 
The  oxygen  and  hydrogen  form  into  water;  2d.  The  carbon  unites 
with  the  oxygen  of  the  air,  and  produces  carbonic  acid  gas. 

1094.  Why  dot>s  meat  putrefy  sooner  in  hot,  damp 
weather  than  in  cold  ? 

A.  1st.  Because  the  carbon  of  the  meat 
unites  with  the  oxygen  of  the  air  more 
readily  when  hot  than  cold ;  and, 
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2d.  Because  the  damp  deposited  on  the 
surface  of  the  meat  is  of  itself  one  of  the 
compounds  of  putrefaction,  and  leaves  an  ex- 
cess of  hydrogen  in  the  meat. 

Thus  the  original  proportions  and  com- 
binations of  the  meat  are  altered  and  de- 
composed. 

Putrefaction  is  simply  the  decomposition  of  the  original  elements, 
ami  their  reunion  in  a  new  order.     The  new  order  is  as  follows : — 

1st.  Carbon  and  oxygen  unite  to  form  carbonic  acid;  2d.  Hydrogen 
and  oxygen  unite  to  form  water;  3d.  Hydrogen  and  nitrogen  unite  to 
form  ammonia. 

Carbon  unites  with  oxygen  with  a  readiness  proportioned  to  its 
heat:  when  red-hot,  the  combination  is  most  easily  effected. 

The  chief  reason  why  salt  preserves  meat  is  that  it  absorbs  the 
trater  from  it  and  deprives  it  of  hydrogen. 

1095*  Why  does  meat  putrefy  most  rapidly  in  very 
changeable  weather? 

A.  Because  moisture  is  more  freely  de- 
posited on  the  meat  in  very  changeable 
weather;  and  this  moisture  is  a  chief  com- 
pound of  putrefaction. 

1098.  How  can  the  taint  of  meat  be  removed  ? 

A.  Either  by  washing  it  with  pyroligneous 
acid,  or  by  covering  it  for  a  few  hours  with 
common  charcoal,  or  by  putting  a  few  lumps 
of  charcoal  into  the  water  in  which  it  is 
boiled. 

1097*  Why  do  these  things  destroy  the  taint  of 
moat? 

« 

A.  Because  they  combine  with  the  putres- 
cent particles,  and  neutralize  their  offensive 
taste  and  smell. 
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1098*  Why  does  stagnant  water  putrefy  ? 

A.  Because  leaves,  plants,  insects,  &c.,  are 
decomposed  in  it. 

1099*  Why  is  stagnant  water  full  of  worms,  &c.  ? 

A.  Because  numberless  insects  lay  their 
eggs  in  the  leaves  and  plants  floating  on  the 
grurface :  these  eggs  are  soon  hatched,  and 
produce  swarms  of  worms  and  insects. 

1 100«  Why  'is  flowing  water  free  from  these  impuri- 
ties ? 

A.  1st.  Because  the  motion  of  running 
water  prevents  fermentation ; 

2d.  It  dissolves  the  putrid  substances 
which  happen  to  fall  into  it ;  and, 

3d.  It  casts  on  the  bank,  by  its  current, 
such  substances  as  it  cannot  dissolve. 

1101»  Birds,  after  they  are  killed,  keep  longer  in 
their  feathers  than  when  they  are  plucked.  Why  is 
this? 

A.  Because  the  feathers  prevent  the  air 
or  damp  from  getting  so  readily  to  the  bird, 
to  produce  decay. 

1102*  Why  does  unseasoned  wood  decay  much  more 
rapidly  than  wood  well  seasoned  ? 

A.  Because  the  albumen  which  the  sap 
contains  produces  a  species  of  fermentation, 
during  which  the  cellulin  and  ligneous  matter 
of  the  wood  are  turned  into  carbonic  acid 
and  water. 

"Albumen,"  a  substance  resembling  the  white  of  an  egg. 
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"  Cellulin,"  the  substance  which  composes  the  cells  of  wood,  as  wax 
composes  the  cells  of  a  honey-comb. 
"Ligneous  matter,"  or  vegetable  fibre,  is  the  hard  or  woody  part 

of  wood. 

1103.  Why  is  wood  placed  in  a  stream  of  running 
water  to  season  it  ? 

A.  Because  the  running  water  washes 
away  the  sap,  and  thus  prevents  fermenta- 
tion and  decay. 

1104*  Why  will  solutions  of  salts  prevent  the  decay 
of  wood  steeped  therein  ? 

A.  Because  the  salts  unite  with  the  albu- 
men of  the  sap,  coagulate  it,  and  prevent 
fermentation. 


CHAPTER  III.— COMPONENTS   OF   THE 

ANIMAL   BODY. 

1 105.  What  is  albumen  ? 

A.  The  serum,  or  fluid  portion  of  the 
blood,  (which,  after  exposure  to  the  air,  is 
separated  from  the  more  solid  part,)  the 
vitreous  and  crystalline  humors  of  the  eye, 
the  brain,  spinal  marrow,  and  nerves,  all 
contain  albumen. 

It  exists  most  abundantly,  and  in  its  purest 
natural  state,  in  the  white  of  an  egg ;  whence 
it  derives  its  name,  {album  ovt,  the  Latin  for 
the  white  of  an  egg.) 

Albumen  exists  in  the  animal  system  in  two  forms, — in  the  liquid 

28* 
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example  of 'fluid  albumen  is  the  white 
it  forms  the  principal  part  of  all  the 
and  gland*. 

Wrns  very  easily  when  boiled:  water 
ijajL    Kxplain  this. 

JL  lat  MOk  contains  solid  organic  sub- 
ctpable  of  burning,  which  water 
;  and, 

il  The  heat  of  the  fire  coagulates  the 
of  the  milk,  which   falls  to  the 
and  adheres  to  the  boiler. 

Why  are  lamb  and  veal  more  tender  than  beef 


JL  Because  they  contain  more  albumen 
tmi  Ikb  muscular  fibre. 

|MU  Why  do  lamb  and  veal  taint  more  quiekly  than 
fcitf  tffct  mutton  I 

A*  Because  they  contain  a  large  quantity 
u£  albumen,  which  is  very  liable  to  putre- 

Htfc  Why  is  meat  tough  which  has  been  boiled  too 

A.    Itecause  the   albumen   becomes  hard 
$jfc#  the  white  of  a  hard-boiled  egg. 

ft*  W*t  w*y  °f  l>°Mn£  meat  to  make  it  tender  is  thus :  Put  your 
Jlfet  fc*  very  briak-boiling  water,  and  after  a  few  minutes  add  a  little 
■5Tw*t*r<  The  boiling  water  will  fix  the  albumen,  which  will  pre- 
»MA  ||te  Water  from  soaking  into  the  meat,  keep  all  its  juices  in,  and 
whw**l  the  muscular  fibre  from  contracting.  The  addition  of  cold 
SLhifwlU  Mtfuro  the  cooking  of  the  inside  of  the  meat  as  well  as  of 

Why  is  meat  always  tough  if  it  be  put  into  tht 
iro  the  water  boils  ? 
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A.  Because  the  water  is  not  hot  enough 
to  coagulate  the  albumen  between  the  muscu- 
lar fibres  of  the  meat,  which  therefore  runs 
into  the  water  and  rises  to  the  surface  as  a 

scum. 

1111*  Why  is  the  flesh  of  old  animals  tough? 

A.  Because  it  contains  very  little  albumen 
and  much  muscular  fibre. 

1112t  Is  salted  meat  as  nutritious  as  fresh  meat? 

A.  No ;  because  the  albumen  of  the  meat 
is  separated  from  the  flesh  by  the  brine,  as 
well  as  the  alkaline  phosphates,  and  some 
other  substances  of  great  value. 

Phosphates  are  alkaline  and  mineral:  alkaline  phosphates  are 
phosphoric  acid  combined  with  some  alkali,  such  as  soda,  potash, 
magnesia,  <fcc. 

"Albumen  of  the  meat," — a  substance  resembling  the  white  of  an 
egg,  which  lies  between  the  muscular  fibres  of  all  flesh  and  makes 
the  meat  tender. 

"The  alkaline  phosphates  of  meat"  are  such  as  these:  the  phos- 
phate of  soda,  the  phosphate  of  potash,  and  the  phosphate  of  magnesia, 
which  are  extracted  from  the  meat  by  the  acid  reaction  of  the  brine. 

1113.  Why  does  salt  preserve  meat? 

A.  1st.  Because  it  removes  the  water  con- 
tained in  the  animal  fibre,  absorbing  it  and 
leaving  the  meat  dry. 

2d.  Salt  is  composed  of  chlorine  and 
sodium:, the  chlorine  of  the  salt  takes  up 
the  hydrogen  of  the  meat  as  it  is  given  oft) 
and  prevents  the  offensive  taste  and  smell  of 
decay ; 

3d.  Brine  draws  away  the  albumen  from 
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between  the  muscular  fibres,  which  is  very 
subject  to  putrefaction ; 

4th.  The  salt  unites  with  the  muscular 
fibre,  and  makes  a  new  chemical  compound 
much  less  subject  to  decay ;  and, 

5th.  It  keeps  the  air,  flies,  &c.  from  th^ 
meat. 

1114.  Is  albumen  found  only  in  animals? 

A.  No :  it  abounds  also  in  vegetables.  Ifc 
makes  the  chief  bulk  of  some  seeds,  as 
wheat,  corn,  &c. 

1115.  What  is  fibrine  ? 

A.  It  is  a  compound  which  abounds  in 
both  animal  arid  vegetable  substances.  The 
chief  part  of  muscular  flesh  is  formed  of 
fibrine.  It  also  exists  in  chyle,  and  enters 
into  the  composition  of  the  blood. 

1116.  What  is  caseine? 

A.  A  white  substance  which  exists  in 
milk,  and  constitutes  the  greater  part  of 
cheese  made  from  skimmed  milk. 

It  resembles  coagulated  but  pulverulent  albumen. 

1117*  Does  caseine  exist  also  in  vegetables? 

A.  It  is  found  irr  peas,  beans,  &c.  They 
are  crushed,  mixed  with  water,  and  strained. 
In  this  way  the  caseine  is  procured,  which 
has  all  the  characteristics  of  skimmed  milk. 

1118.  What  is  gelatine  ? 

A.  It  is  a  jelly-like  substance,  formed  by 
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boiling  animal  membranes,  skin,  and  even 
bones.  It  does  not  exist  in  its  natural  state 
in  the  animal  system,  but  is  easily  produced 
by  means  of  hot  water.  The  well-known 
substance  called  isinglass,  and  also  calves- 
feet  jelly,  are  familiar  examples  of  gelatine. 
Glue  is  a  kind  of  gelatine  dried  in  the  air. 

1119*  Why  does  the  use  of  salt  beef  produce  scurvy? 

A.  Because  the  soluble  salts  are  removed 
from  the  beef  by  brine ;  in  consequence  of 
which,  it  cannot  restore  to  the  human  system 
those  salts  which  are  essential  to  preserve 
the  blood  in  a  healthy  state. 

-Dr.  Sudd  has  shown  that  it  is  the  absence  of  vegetables,  and  not 
the  use  of  salt  meat,  which  produces  scurvy. 

1120*  Why  does  the  use  of  vegetables  generally  pre- 
vent scurvy  ? 

A.  Because  they  contain  the  soluble  salts 
removed  from  the  beef  by  brine;  which, 
being  restored  by  the  vegetables,  preserve 
the  blood  in  a  healthy  state. 

1121*  Why  is  lime-juice  a  perfect  cure  for  scurvy? 

A.  Because  it  contains  the  very  salts  re- 
moved from  the  beef  by  the  action  of  the 
brine, — namely,  alkaline  phosphates,  and  sul- 
phate, chloride,  and  phosphate  of  lime. 

1122*  Why  does  currant-juice  when  boiled  with 
sugar  form  a  jelly  ? 

A.  Because  the  currant-juice  contains  pec- 
tine, — a  gelatinous  matter  which  abounds  in 
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±mi&      The  consistence  of  currant; 
±m  jellies  is  ascribed  to  this  sub- 


;ha?ter  iy.— animal  heat. 

W'£aZ  »  the  cause  of  animal  beat  ? 

_W  iTfiw-iI  heat  is  produced  by  the  com- 
^flsJtm  jt  hydrogen  and  carbon  in  the  ca- 

K*-,«r  io  hydrogen   gas   and   carbon   get  into 

V  Hw  rood  we  eat  is  converted  into 
■„u:      j:vL   Mood  contains    both    hvdrosren 

;j*},   *■*."- v  :<  every  part  of  the  body  warm  ? 

^  rxvuuse  the  capillary  vessels  run 
.  t  u- -"■  ^'verv  part  of  the  human  bodv,  and 
-■-     *V::;:>:ion  of  blood  takes  place  in  the 

£|jgt  ^"b.as  aro  the  capillary  vessels? 

V  Vessels  a*  small  as  hairs,  running  all 
^  './.o  body:  they  are  called  capillary 
\i-.i    :!:o    Latin  word   "capillaris"    (like  a 


■*7t  lV\»ve  that  these  capillary  vessels  run  all  over 
bodv. 
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A.  Whenever  blood  flows  from  a  wound, 
some  vein  or  vessel  must  be  divided ;  and, 
as  you  can  bring  blood  from  any  part  of  the 
body  by  a  very  slight  wound,  these  little 
vessels  must  run  through  every  part  of  the 
human  frame. 

1128.  How  does  combustion  take  place  in  the  capil- 
lary vessels  ? 

A.  The  carbon  of  the  blood  combines  with 
the  oxygen  of  the  air  we  breathe,  and  forms 
into  carbonic  acid  gas. 

1129.  What  becomes  of  this  carbonic  acid  gas  formed 
in  the  human  blood  ? 

A.  The  lungs  throw  off  almost  all  of  it 
into  the  air,  by  the  act  of  respiration. 

1130.  Does  the  heat  of  the  human  body  arise  from 
the  same  cause  as  the  heat  of  fire  ? 

A.  Yes,  precisely.  The  carbon  of  the 
blood  combines  with  the  oxygen  of  the  air 
inhaled,  and  produces  carbonic  acid  gas, 
which  is  attended  with  combustion. 

1131*  If  animal  heat  is  produced  by  combustion, 
why  does  not  the  human  body  burn  up  like  a  coal  or 
candle? 

A.  It  actually  does  so.  Every  muscle, 
nerve,  and  organ  of  the  body  actually  wastes 
away  like  a  burning  candle,  and,  being  re- 
duced to  air  and  ashes,  is  rejected  from  the 
system  as  useless. 
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1132.  If  every  bone,  muscle,  nerve,  and  organ  J^ 
thus  consumed  by  combustion,  why  is  not  the  bo^^> 
entirely  consumed: 

A.  It  would  be  so,  unless  the  parts  de^"^ 
stroyed  were  perpetually  renewed ;  but,  as  ^^ 
lamp  will  not  go  out  so  long  as  it  is  supplied- 
with  fresh  oil,  neither  will  the  body  be  con- 
sumed so  long  as  it  is  supplied  with  sufficient 
food. 

1133*  What  is  the  principal  difference  between  the 
eonibustion  of  a  fire  or  lamp  and  that  of  the  human 
body? 

A.  In  the  human  body  the  combustion  is 
effected  at  a  much  lower  temperature  and 
is  carried  on  more  slowly  than  it  is  in  a  lamp 
or  fire. 

1134*  What  causes  the  heat  of  our  body  ? 

A.  The  carbon  of  our  blood  combines  with 
the  oxygen  of  the  air  inhaled,  and  produces 
carbonic  acid  gas;  which  evolves  heat  in  a 
way  similar  to  burning  fuel. 

1135*  Why  do  oxygen  and  carbon  so  readily  unite  in 

the  blood  ? 

A.  Because  the  atoms  of  carbon  are  so 
loosely  attracted  by  the  other  materials  of 
the  blood  that  they  unite  very  readily  with 
the  oxygen  of  the  air  inhaled. 

1 136.  Is  carbonic  acid  wholesome  ? 

A.  No :  it  is  fatal  to  animal  life,  and, 
whenever  it  is  inhaled,  acts  like  a  narcotic 
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poison, — producing  drowsiness,  which  some- 
times ends  in  death. 

1 137*  How  is  it  that  carbon  can  be  made  to  burn  at 
so  low  a  temperature  in  the  human  body  ? 

A.  Because  the  carbon  in  the  blood  is 
reduced  to  very  minute  particles ;  and  these 
particles  are  ready  to  undergo  a  rapid  change 
as  soon  as  oxygen  is  supplied. 

1138»  Why  are  very  poor  people  instinctively  averse. 
to  ventilation  ? 

A.  1st.  Because  ventilation  increases  the 
oxygen  of  the  air,  the  combustion  of  food, 
and  the  cravings  of  appetite ;  and, 

2d.  Ventilation  cools  the  air  of  rooms  :  to 
poor  people,  therefore,  who  are  ill  clad,  the 
warmth  of  an  ill-ventilated  apartment  is 
agreeable. 

1139t  Why  are  the  ill  clad  also  instinctively  averse 
to  cleanliness? 

A.  Because  dirt  is  warm :  (thus,  pigs,  who 
love  warmth,  are  fond'  of  dirt :)  to  those, 
therefore,  who  are  very  ill  clad,  the  warmth 
of  dirt  is  agreeable. 

1140.  Why  does  flannel,  &c.  make  us  warm  ? 

A.  Flannel  and  warm  clothing  do  not 
make  us  warm,  but  merely  prevent  our  body 
from  becoming  cold. 

1141*  How  does  flannel,  &c.  prevent  our  body  from 
becoming  cold  ? 

A.  Flannel,  being  a  bad  conductor,  will 

21 
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neither  carry  off  the  heat  of  our  body  into 
the  cold  air,  nor  suffer  the  cold  air  to  come 
in  contact  with  our  warm  body. 

1142.  Why  are  frogs  and  fishes  cold-blooded  animals  I 

A.  Because  they  consume  very  little  air; 
and  without  a  plentiful  supply  of  air  com- 
bustion is  too  slow  to  generate  much  animal 
heat. 

1143.  Why  is  a  dead  body  cold  ? 

A.  Because  air  is  no  longer  conveyed  to 
the  lungs  aft^  respiration  has  ceased,  and 
therefore  animal  heat  is  no  longer  generated 
by  combustion. 

1144.  Why  do  we  need  warmer  clothing  by  night 

than  by  day  ? 

A.  1st.  Because  the  night  is  generally 
colder  than  the  day ;  and, 

2d.  Our  bodies  are  then  colder  also;  be- 
cause we  breathe  more  slowly,  and  our  ani- 
mal combustion  is  retarded. 

1145*  Why  do  we  perspire  when  very  hot? 

A.  The  pores  of  the  body  are  like  the 
safety-valves  of  a  steam-engine  :  when  the 
heat  of  the  body  is  very  great,  some  of  the 
combustible  matter  of  the  blood  is  thrown 
off  in  perspiration,  and  the  heat  of  the  bcdy 
kept  more  temperate. 

1146.  Why  does  running  make  us  warm  ? 

A.  Because  we   inhale  air  more  rapidly 
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when  we  run,  and  cause  the  blood  to  pass 
more  rapidly  through  the  lungs  in  contact 
with  it.  Running  acts  upon  the  capillary 
vessels  as  a  pair  of  bellows  on  a  common 
fire. 

1 1 47#  Why  does  inhaling  air  rapidly  make  the  body 
feel  warm  ? 

A.  Because  more  oxygen  is  introduced  into 
the  body ;  in  consequence  of  which,  the  com- 
bustion of  the  blood  is  more  rapid,  the  blood 
itself  is  more  heated,  and  every  part  of  the 
body  is  made  warmer. 

1I48»  How  does  the  combination  of  oxygen  with  the 
blood  produce  animal  heat  ? 

A.  The  principal  element  of  the  blood  is 
carbon ;  and  this  carbon,  combining  with  the 
oxygen  of  the  air  inhaled,  produces  carbonic 
acid  gas,  in  the  same  way  as  burning  fuel. 

1149.  What  becomes  of  the  nitrogen  of  the  air  after 
the  oxygen  enters  the  blood  ? 

A.  It  is  thrown  out  from  the  lungs  un- 
changed, by  the  act  of  breathing,  to  be  again 
mixed  with  oxygen  and  converted  into 
common  air. 

1150i  Explain  how  we  breathe. 

A.  By  a  muscular  action,  we  make  an 
enlarged  space  in  the  chest;  the  pressure 
of  the  external  atmosphere  forces  air  into 
this  space,  so  as  to  fill  it.  By  a  second  mus- 
cular action,  the  lungs  are  compressed,  and 
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the  air  is  forced  out  and  escapes.     The  air 
which  escapes  is  chiefly  nitrogen. 

1151*  Why  does  the  vitiated  air,  after  the  oxygen 
has  been  absorbed,  come  out  of  the  mouth,  and  not  sink 
into  the  stomach  ? 

A.  Because  a  mechanical  provision  is  made 
in  the  upper  part  of  the  windpipe  and  gullet 
for  this  purpose. 

The  longs  are  a  hollow,  spongy  mass,  capable  of  confining  air  and 
of  being  dilated  by  it  They  are  so  situated  in  the  thorax  (or  chest) 
that  the  air  must  enter  into  them  whenever  the  cavities  of  the  thorax 
are  enlarged.  The  process  of  breathing  is  performed  thus :  When  we 
inhale,  the  thorax  is  expanded ;  in  consequence  of  which,  a  vacuum 
is  formed  round  the  lungs,  and  heavy  external  air  instantly  enters, 
through  the  mouth  and  throat,  to  supply  this  vacuum. 

When  we  exhale,  the  thorax  contracts  again;  in  consequence  of 
which,  it  can  no  longer  contain  the  same  quantity  of  air  as  it  did 
before ;  and  some  of  it  is  necessarily  expelled.  When  this  expulsion 
of  air  takes  place,  the  lungs  and  muscular  fibres  of  the  windpipe  and 
gullet  contract  in  order  to  assist  the  process. 

1152t  If  both  in  combustion  and  respiration  the  oxy- 
gen of  the  air  is  consumed  and  the  nitrogen  rejected, 
why  are  not  the  proportions  of  the  air  destroyed  ? 

A.  Because  the  under  surface  of  vegetable 
leaves  during  the  day  gives  out  oxygen,  and 
thus  restores  to  the  air  the  very  element  of 
which  it  has  been  deprived. 

1153.  Whence  do  leaves  obtain  the  oxygen  which 
they  exhale? 

A.  From  the  carbonic  acid  absorbed  by 
the  roots  from  the  soil  and  carried  to  the 
leaves  by  the  rising  sap. 

Carbonic  acid,  it  must  be  remembered,  is  a  compound  of  carbon 
and  oxygen. 

1154*  How  do  plants  contrive  to  absorb  carbonic  acid 
from  the  soil  ? 
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A.  It  rises,  by  capillary  attraction,  through 
the  small  fibrous  roots,  after  it  has  been  dis- 
solved in  the  soil  by  water. . 

1155.  If  leaves  throw  off  the  oxygen  of  the  carbonic 
acid,  what  becomes  of  the  carbon  ? 

A.  It  is  retained  to  give  firmness  and 
solidity  to  the  plant  itself. 

1156*  Show  how  God  has  made  animal  life  dependent 
on  that  of  vegetables. 

A.  Animals  require  oxygen  to  keep  them 
alive,  and  draw  it  from  the  air  by  inspiration. 
The  under  surface  of  leaves  gives  out  oxy- 
gen, and  thus  supplies  the  air  with  the  very 
gas  required  for  the  use  of  animals. 

1I57#  Show  how  God  has  made  vegetable  life  de- 
pendent on  that  of  animals. 

A.  Plants  require  carbonic  acid,  which  is 
their  principal  food ;  and  all  animals  exhale 
the  same  gas  from  their  lungs.  Thus  plants 
supply  animals  with  oxygen,  and  animals 
supply  plants  with  carbonic  acid. 

SEOTIOff  I.-F00D. 
1158.  What  is  the  fuel  of  the  body? 

A.  Food  is  the  fuel  of  the  body.  The 
carbon  of  the  food,  mixing  with  the  oxygen 
of  the  air,  evolves  heat,  in  the  same  way 
that  a  fire  or  candle  does. 

1159t  How  is  food  converted  into  blood? 

A.  After  it  is  swallowed,  it  is  dissol- 

21* 


.  gray  pulp,  called 
i  into  the  intestines, 
e  "bile"  into  a  milky 

Iky  substance  called 


■"nesselscalled"lactealfl," 
r  veins  on  the  left  side  of 


chyle  after  it  is  poured 


rith  the  blood,  and  is  itself 
also. 


^  oxygen  we  inhale  mingle  with 


of  the  air  mingles  with 
lungs,  and  converts  it  into  a 

oxygen  convert  the  color  of  blood 

^Iwing-matter  of   the    blood  is 

mty  minute  globules  floating  in 

uniting  with  the  coats  of 

makes  them  milky,  and  the 

matter    of  the    blood,     seen 

t  milky  coat,  appears  of  a  bright 
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1164*  What  is  the  color  of  the  blood  before  it  is 
oxidized  in  the  lungs  ? 

A.  A  dark  purple.  The  oxygen  turns  it 
to  a  bright  red. 

"  Oxidized/'  impregnated  with  oxygen. 

1165t  Why  are  persons  pale  who  live  in  close  rooms 
and  cities  ? 

A.  Because  the  blood  derives  its  redness 
from  the  oxygen  of  the  air  inhaled ;  but,  as 
the  air  in  close  roopis  and  cities  is  not  fresh, 
it  is  deficient  in  oxygen,  and  cannot  turn  the 
blood  to  a  beautiful  bright  red. 

1 166»  Why  are  persons  who  live  in  the  open  air  and 
in  the  country  of  a  ruddy  complexion  ? 

A.  Because  they  inhale  fresh  air  which 
has  its  full  proportion  of  oxygen ;  and  the 
blood  derives  its  bright-red  color  from  the 
oxygen  of  the  air  inhaled. 

1167*  Why  is  not  the  air  in  cities  so  fresh  as  that  in 
the  country  ? 

A.  Because  it  is  impregnated  with  the 
breath  of  its  numerous  inhabitants,  the  odor 
of  its  sewers,  the  smoke  of  its  fires,  and 
many  other  impurities. 

1168.  Why  do  we  feel  lazy  and  averse  to  activity  in 
very  hot  weather  ? 

A.  1st.  Because  muscular  activity  in- 
creases the  heat  of  the  body,  by  quickening 
the  respiration ;  and, 

2d.  The  *food  we  eat  in  hot  weather,  not 
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ing  greasy,  naturally  abates  our  desire  for 
u^dily  activity. 

1169.  Why  are  the  Esquimaux  passionately  fond  of 
train-oil  find  whale-blubber  ? 

A.  Because  oil  and  blubber  contain  large 
quantities  of  carbon  ant]  hydrogen,  which  are 
exceedingly  combustible :  and,  as  these  peo- 
ple live  in  climates  01  ense  cold,  the  heat 
■f  their  bodies  is  increa     1  by  the  greasy  na- 

pe  of  their  food. 

1170i  Why  do  we  like  strong  meat  and  greasy  food 
when  the  weather  is  very  cold  1 

A.  Because  strong  meat  and  grease  con- 
tain large  portions  of  carbon  and  hydrogen, 
which,  when  burned  in  the  blood,  produce  a 
larger  amount  of  heat  than  any  other  kind 
of  food. 


A.  Because  the  body  requires  more  fuel  in 
cold  weather  to  keep  up  the  same  amount  of 
animal  heat ;  and  as  we  put  more  fuel  on  a 
fire  on  a  cold  day  to  keep  our  apartments 
warm,  so  we  eat  more  food  on  a  cold  day  to 
keep  our  body  warm. 

1172i  Why  do  we  like  fruits  and  vegetables  most  in 

hot  weather  ? 

A,  Because  they  contain  less  hydrogen  and 
carbon  than  meat,  and  therefore  produce  both 
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Jess  blood,  and  blood  of  a  less  combustible 
nature. 

1173.  Why  do  we  feel  a  dislike  to  strong  meat  and 
greasy  food  in  very  hot  weather? 

A.  Because  strong  meat  and  grease  con- 
tain so  much  carbon  and  hydrogen  that  they 
would  make  us  intensely  hot :  we  therefore 
instinctively  refuse  them  in  hot  weather. 

1174«  Why  do  the  inhabitants  of  tropical  countries 
live  chiefly  upon  rice  and  fruit  ? 

A.  Because  rice  and  fruit  by  digestion  are 
mainly  converted  into  water,  and,  by  cooling 
the  blood,  prevent  the  tropical  heat  from  feel- 
ing so  oppressive. 

1175.  Why  is  the  blood  of  a  less  combustible  nature 
if  we  live  chiefly  upon  fruits  and  vegetables  ? 

A.  Because  fruits  and  vegetables  supply  the 
blood  with  a  very  large  amount  of  water, — 
which  is  not  combustible,  like  the  carbon 
and  hydrogen  of  strong  meat. 

1176*  How  do  fruits  and  vegetables  cool  the  blood? 

A.  1st.  They  diminish  the  amount  of  car- 
bon and  hydrogen  in  the  blood,  which  are  the 
chief  causes  of  animal  heat;  and, 

2d.  They  supply  the  blood  with  a  large 
amount  of  water,  which  exudes  through  the 
skin  and  leaves  the  body  cool. 
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beotioh  iL-inrreEK. 

1 177.  Why  docs  told  produce  Lunger? 

A.  1st.  Because  the  air  contains  more  oxy- 
en  in  cold  weather,  and  therefore  fires  burn 
ore  fiercely,  and  animal  combustion  is  more 
*    >id;  and, 

2d.  As  we  are  more  active  in  cold  wea- 
ther, our  incrc:  iration  acts  like  a 
pair  of  bellows  on  1  Hilary  combustion. 

1178.  Why  dot's  rapid  digestion  prodofie  it  craving 
appetite  ? 

A.  This  is  a  wise  providence  to  keep  our 
bodies  in  health  :  they  give  notice,  by  hun- 
ger, that  the  capillary  fires  need  replenish- 
ing, in  order  that  the  body  itself  may  not  be 
consumed. 

1179*  Why  do  we  feel  a  desire  for  activity  in  cold 
weather  ? 

A.  1st.  Because  activity  increases  the 
warmth  of  the  body,  by  fanning  the  combus- 
tion of  the  blood ;  and, 

2d.  The  strong  food  we  eat  creates  a  desire 
for  muscular  exertion. 

1180.  Why  docs  reading  aloud  make  us  feel  hungry? 

A.  Because  it  increases  respiration;  and,  as 
more  oxygen  is  introduced  into  the  lungs,  our 
food-fuel  is  more  rapidly  consumed. 


A.  Because  we  breathe  more  slowly  during 
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sleep :  therefore  less  oxygen  is  introduced  into 
the  lungs  to  consume  our  food-fuel. 

1182*  Why  does  hard  work  produce  hunger? 

A.  Because  it  produces  quicker  respiration ; 
by  which  means  a  larger  amount  of  oxygen 
is  introduced  into  the  lungs,  and  the  capillary 
combustion  increased.  Hunger  is  the  notice 
given  by  our  body  to  remind  us  that  our  food- 
fuel  must  be  replenished. 

U83t  Why  have  persons  who  follow  hard  out-of-door 
occupations  more  appetite  than  those  who  are  engaged  in 
sedentary  pursuits  ? 

A.  Hard  bodily  labor  in  the  open  air  causes 
much  oxygen  to  be  conveyed  into  the  lungs 
by  inspiration ;  the  combustion  of  the  food  is 
carried  on  quickly,  animal  heat  increased,  and 
need  for  nutritious  food  more  quickly  indi- 
cated by  craving  hunger. 

1184«  Why  have  persons  who  follow  sedentary  pur- 
suits less  appetite  than  ploughmen  and  masons  ? 

A.  1st.  Because  the  air  they  inhale  is  less 
pure,  being  deprived  of  some  of  its  oxygen ; 
and, 

2d.  Their  respiration  is  neither  so  quick 
nor  so  strong ;  and  therefore  the  combustion 
of  their  food  is  carried  on  more  slowly. 

1185*  Why  do  persons  feel  lazy  and  averse  to  exer- 
cise when  they  are  half  starved  or  ill  fed  ? 

A.  Animal  food  contains  great  nourishment, 
and  produces  a  desire  for  active  occupations ; 
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but  when  the  body  is  not  supplied  with  strong 
food,  this  desire  for  muscular  action  ceases, 
and  the  person  grows  slothful. 

1186*  Why  does  a  man  shrink  when  starved? 

A.  Because  the  capillary  fires  feed  upon 
the  human  body  when  they  are  not  supplied 
with  food-fuel.  A  starved  man  shrinks,  just 
as  a  fire  does  when  it  is  not  supplied  with  fuel. 

1187*  When  a  man  is  starved,  what  parts  of  the  body 
go  first  ? 

A.  First,  the  fat,  because  it  is  the  most 
combustible;  then  the  muscles;  last  of  all,  the 
brain ;  and  then  the  man  dies,  like  a  candle 
which  is  burnt  out. 

11 880  Why  does  want  of  sufficient  nourishment  often 
produce  madness  ? 

A.  Because  after  the  fat  and  muscles*  of  the 
body  have  been  consumed  by  animal  combus- 
tion the  brain  is  attacked,  and  madness  often 
ensues. 


CHAPTER   V.— SLEEP, 
1189*  What  is  sleep? 

A.  Sleep  is  the  rest  of  the  brain  and  nei 
vous  system. 

1 190*  Why  have  dreamers  no  power  of  judgmcii  o* 

reason  ? 

A.  Because  the  "cerebrum"  (ov  froat  of 
the  brain)  is  inactive  and  at  rest, 
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1191*  Why  can  we  not  see  when  we  are  asleep  with 
our  eyes  open  ? 

A.  Because  the  "  retina  of  the  eye"  is  in- 
active and  at  rest. 

1192*  Why  can  we  not  hear  in  sleep? 

A.  Because  the  nerve  of  hearing,  seated 
within  the  tympanum  of  the  ear,  is  at  rest. 

1193*  Why  can  we  not  feel  when  we  are  asleep  ? 

A.  Because  the  extremities  of  the  nerves 
situated  in  the  skin  are  inactive  and  at  rest. 

1 194t  Why  can  we  not  taste  when  we  are  asleep  ? 

A.  Because  the  nerves  at  the  end  of  the 
tongue  are  inactive  and  at  rest. 

1 195*  Why  have  persons  in  sleep  no  will  of  their  own, 
but  may  be  moved  at  the  will  of  any  one  ? 

A.  Because  the  "  cerebellum"  (or  posterior 
part  of  the  brain)  is  inactive  and  at  rest. 

1196t  Why  does  a  person  feel  when  he  is  touched  ? 

A.  Because  the.  extremities  of  certain 
nerves  situated  in  the  skin  are  excited,  and 
produce  a  nervous  sensation  called  feeling. 

1 197*  Why  are  persons  able  to  taste  different  flavors  ? 

A.  Because  the  "papillae"  of  the  tongue 
and  palate  are  excited  when  food  touches 
them,  and  produce  a  nervous  sensation  called 
taste. 

1198*  Why  is  a  dead  man  taller  than  a  living  one  ? 

A.  Because  at  death  the  cartilages  are  re- 
laxed. So,  also,  after  a  night's  rest  a  man  is 
taller  than  when  he  went  to  bed. 

22 


CHAPTER  VI.— ACIDS. 

1199.  Wiiat  is  an  alkali? 

A.  The  converse   (or  the  opposite)  to  an 


acid. 


1200.  What  are  the  E— '  -"-dies?  and  why  are  they 
bo  called  ? 

A.  The  fixed  alka!  e  potash,  soda,  and 

lia  ;  they  are  call  >d  alkalies  because 

at  a  red-heat  they  tv«,  iiui.  fly  off  in  vapor. 

1201.  What  is  the  volatile  alkali?  and  why  is  it  so 
called  ? 

A.  Ammonia,  or  hartshorn, — a  compound 
of  nitrogen,  hydrogen,  and  oxygen:  it  evapo- 
rates at  even  a.  low  temperature,  and  is  there- 
fore called  the  volatile  alkali. 

1302.  What  are  salts  ? 

A.  The  combination  of  an  acid  with  an 
alkali  forms  what  is  chemically  termed  a 
Bait. 

1203.  What  are  acids  ? 

A.  Those  chemical  bodies  called  acids  are 
usually,  but  not  always,  sour  to  the  taste : 
they  change  most  vegetable  blue  colors  to 
red  :  they  combine  readily  with  alkalies  and 
form  salts. 

1204.  Why  does  hartshorn  extract  stains  or  spota  in 
clothing  caused  by  an  acid? 
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A.  Because  hartshorn  is  an  alkali;  and  the 
property  of  alkalies  is  to  neutralize  acids. 

1205#  Why  does  pyroligneous  acid  preserve  meat  and 
remove  its  taint  ? 

A.  Because  it  contains  a  small  quantity  of 
creasote,  which  is  a  great  preservative  of  all 
animal  substances. 

Pyroligneous  acid  is  vinegar  obtained  from  wood. 
Creosote, — from    the    Greek  words   xpeas,   (creas,)  fleah,  and  aco^o*, 
(sozo,)  save, — an  extract  from  the  oil  of  tar,  and  a  powerful  antiseptic. 

1208t  Wl\y  are  unripe  apples  and  gooseberries  sour  ? 

A.  Because  they  contain  malic  acid. 

"Malic,"  from  the  Latin  word  malum,  an  apple. 

1207t  Why  does  tanning  hides  convert  them  into 
leather  ? 

A.  Because  oak-bark  contains  tannic  acid, 
which  with  the  gelatin  of  the  hides  forms  an 
insoluble  compound  called  leather. 

I2O80  Why  do  old  wine-casks  smell  offensively  ? 

A.  Because  wine  and  whiskey  contain  an 
acid  called  oenanthic  acid,  which  unites  with 
the  alcohol  of  the  wine  and  forms  a  salt  of 
an  offensive  smell. 

This  salt  is  called  the  oenanthate  of  ethyle, — that  is,  the  winey  acid 
of  ether. 

"  QSuanthate,"  from  the  Greek  word  01*05,  wine ;  and  "ethyle,"  from 
the  two  Greek  words  aiOnp-vXri,  (aither-ule,)  the  basis  or  fundamental 
principle  of  ether. 

1209*  Why  are  limes,  lemons,  and  unripe  oranges 
sour? 

A.  Because  they  contain  citric  acid. 

"Citric/'  from  tV  J  *t5p  word  citrn$t  a  lemon  or  citron. 


S  hy  are  tamarinds  and  unripe  grapes  bout? 

A.       cause  they  contain  tartaric  acid. 

tartaric  acid  is  the  acid  Of  tartar.  Tartar  is  a  substance  deposited 
F  wiua,  adhering  like  a  bard  crust  lo  the  sides  ef  the  casks. 

1211.  Why  does  rennet  curdle  milk? 

A.  Because  it  converts  the  sugar  of  milk 
into  lactic  acid,  which  mixes  with  the  casein 
and  coagulates  it. 

Rennet  ifl  Hie  prepared  inner  met  ane  of  the  stomach  of  a  calf, 
and  is  to  called  fniw  the  German  wo      "'linen,  to  curdle. 

1212.  Why  does  sour  milk  curdle? 

A.  Milk  consists  of  five  ingredients:  1, 
casein,  or  curd;  2,  butter;  3,  sugar;  4,  water; 
5,  certain  salts. 

The  casein  or  curd  of  sweet  milk  is  like 
the  white  of  an  egg  before  it  is  boiled ;  hut 
the  casein  or  curd  of  sour  milk  is  like  the 
white  of  an  egg  after  it  is  boiled. 

This  casein  or  curd  of  niilk  is  coagulated 
by  acids.  When  milk  is  sour,  the  lactic  acid 
of  the  sour  milk,  mixing  with  the  casein, 
coagulates  it ;  in  consequence  of  which,  it 
separates  from  the  water  and  becomes  an 
insoluble  mass :  in  other  words,  the  milk 
curdles. 

"  Lactic  Mid"— from  toe  Latin  word  lae,  milk— is  the  acid  of  four 
milk.  But  it  is  found  In  several  other  substances,  as  in  the  frrmenteJ 
juice  of  beat-root,  turnips,  carrots,  ricE-water,  Ian n Lug-bark,  Ac 

1213.  Why  is  vinegar  sour  ? 

A.  Because  it  contains  acetic  acid. 

"  Acetic,"  from  the  Paion   word  Kent,  vinsgfcr;  whence  olio  ou» 
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I214t  If  wine  or  beer  be  imperfectly  corked,  why  does 
it  rapidly  turn  sour  ? 

A.  Because  air  gets  into  the  liquor ;  and 
the  oxygen  of  the  air,  combining  with  the  al- 
cohol of  the  liquor,  produces  acetic  acid,  (or 
vinegar.) 


CHAPTER  VII.— OILS. 

1215*  Of  what  is  soap  made  ? 

A.  Soap  is  the  product  of  any  fatty  matter 
combined  with  an  alkali. 

1216*  Why  does  soap  when  laid  on  paint  destroy  it  ? 

A.  Because  the  soda  or  potash  of  which 
the  soap  is  composed  destroys  or  neutralizes 
the  oil  in  the  paint,  and  sets  the  coloring- 
matter  free. 

1217*  Why  does  soapy  water  "lather"? 

A.  Because  soap  makes  the  water  tenacious, 
and  prevents  its  bubbles  of  air  from  bursting. 
"Lather"  is  only  an  accumulation  of  air- 
bubbles. 

Any  substance  is  said  to  be  tenacious  which  holds  fast  or  retain* 
toother:  thus,  the  soapy  water  holds  or  retains  the  air-bubbles. 

1218*  Why  is  it  impossible  to  write  on  greasy 
paper? 

A.  Because  grease  has  no  affinity  for 
water  or  ink,  and  therefore  will  not  mix 
with  it. 
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121tt  Why  does  turpentine  take  out  greaae-spotBfrom 
cloth  ? 

A.  Because  turpentine  dissolves  fixed  oils. 

The  fixed  oils  are  all  greasy  oils,  such  as  sperm-oH}  olive-oil,  &e. 
The  other  sort  of  oils,  called  volatile  or  essential  oils,  are  those  used 
In  perftunery,  Ac. 

1220t  Why  is  mutton-fat,  &o.  solid,  and  not  liquid? 

A.  Because  fat  contains  a  predominance  of 
solid  stearine,  and  only  a  very  small  quantity 
of  the  liquid  oily  substance  called  oleine.  On 
the  other  hand,  oil  contains  more  of  the  liquid 
oleine,  and  less  of  the  solid  matter  called 
stearine. 

1221*  Why  is  butter  hard  in  cold  weather,  and  soft 
in  warm? 

A.  Because  in  winter  the  weather  is  too 
cold  to  melt  the  stearine,  and  the  butter  is 
solid ;  but  the  heat  of  summer  dissolves  it, 
or  holds  it  in  solution  in  the  oily  substance 
called  oleine,  and  the  butter  is  soft  and 
liquid. 

1222*  Why  does  oil  become  thick  in  winter-time? 

A.  1st.  Because  it  is  condensed  by  the 
cold,  and  rendered  more  solid ;  and, 

2d.  Because  the  "  stearine,"  which  is  held 
in  solution  in  warm  weather,  is  separated  by 
the  action  of  the  cold,  and  deposited  as  a  thick 
white  and  almost  solid  substance. 

"Stearine" — from  the  Greek  word  <map,  (stear,)  euet — is  the  solid  or 
hard  ingredient  of  all  fat,  suet,  oil,  Ac.     The  soft  or  liquid  part  is 
oleine, — from  the  Latin  word  oleum,  oil. 
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1223*  What  ih  the  difference  in  composition  be  twee  a 
hard  and  soft  soap  ? 

A.  Hard  soap  is  made  of  soda :  soft  soap  is 
made  of  potash. 

1224.  Soap  is  made  of  oil  or  fat :  how  is  it  that  oil 
and  fat  make  water  greasy,  whereas  soap  destroys  grease  ? 

A.  Oil  contains  two  parts, — the  solid  part 
called  stearine,  and  the  liquid  part  called 
oleine. 

Stearine  of  oil  is  not  soluble  in  water ;  but 
when  soda  or  potash  is  mixed  with  it,  the 
oily  principle  flies  off,  and  the  stearine  is  con- 
verted into  an  oxide  of  potassium,  which  is 
quite  soluble  in  water. 

Oxide  of  potassium  is  the  fundamental  part  of  potash :  it  is  what 
ehemists  call  a  metallic  oxide. 

1225*  From  what  is  salad-oil  made  ? 

A.  It  is  expressed  from  the  fruit  of  the 
olive-tree.  The  best  olive  or  salad  oil  is  ex- 
tracted from  the  pulp  of  the  fruit  by  gentle 
pressure  in  the  cold. 

There  are  other  qualities  inferior  to  this, 
in  which  heat  aids  the  extraction  of  the  oil. 

1226*  Why  does  churning  cream  convert  it  into 
batter? 

A.  Cream  is  the  fat  or  butter  of  milk  con- 
tained in  little  globular  cases  of  albumen. 
By  churning,  this  film  or  envelope  of  albu- 
men is  broken,  and  the  butter  or  fat  set  free. 

The  globules  are  invisible  to  the  naked  eye,  but  may  be  distinctly 
ttou  floating  about  milk,  by  means  of  a  tolerable  microscope. 
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1227.  What  is  Indian-rubber? 

A.  Indian-rubber,  or  caoutchouc,  is  a  vege- 
table substance  existing  in  the  milky  juices 
of  several  species  of  the  Jicus,  and  oxidized  in 
contact  with  the  air. 

"  Fieus,"  (ho  fig-tribe,  (n  IfMbi  of  flg-lree.) 

1228.  What  is  gutU  pcrcha  7 

A.  It  is  the  juice  rec  which  grows  in 

Malacca,   Borneo,    aim       icir   vicinities,    and 
becomes  oxidized  in  ict  with  the  air. 

Like  caoutchouc,  it  in  highly  i  a  when  hentod  to  115°,  but 
hiirtkiH  »«nin  when  cold.  It  ia  so  eioiiB  thnt  n  pioi-t  t.ut-eigtith 
of  an  inch  in  thickness,  when  eol_,  U  suspend  una  hundred  and 
Jijrrv-  |H":iinl.-i  withi.niL  Croaking. 

It  is  the  product  of  a  foroat-troa  called  Uonnmlra  gutta. 


CHAPTER    VIII.— ANTIDOTES    FOR 
POISONS. 

1229*  If  a  person  feels  faint  from  the  fumes  of  prussii 
Lsid,  what  is  the  best  antidote  ? 

A.  To  smell  the  vapors  of  strong  ammonia, 

(hartshorn.) 

1230.  What  is  the  best  treatment  for  one  who  has 
Bwallowed  prussic  acid  ? 

A.  Apply  diluted  ammonia  (hartshorn)  to 
the  nostrils,  and  let  a  stream  of  cold  water 
from  a  pitcher  fall  from  some  height  on  tht 
region  of  the  spine. 

Electrical  shocks  are  said  to  be  very  bene- 
ficial also. 
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1231*  If  corrosive  sublimate  lias  been  swallowed,  what 
is  the  best  antidote  ? 

A.  Albumen;  that  is,  the  white  of  an 
egg :  the  yolk  of  the  egg  also  contains  albu- 
men, together  with  an  oil  which  is  a  good 
antidote  against  this  poison. 

Flour  and  water  mixed  to  the  consist- 
ence of  a  smooth  paste  have  proved  effi- 
cacious. 

1232t  If  an  over-dose  of  laudanum  has  been  taken, 
what  is  the  best  antidote  ? 

A.  Iodine,  three  grains;  iodide  of  potas- 
sium, six  grains;  water,  one  pint:  to  be 
given  in  doses  of  a  wineglassful. 

Vomiting  should  be  promoted  by  emetics. 

Electro-magnetism  is  often  efficacious  in 
restoring  the  nervous  sensibilities. 

1233*  If  a  person  should  swallow  oxalic  acid,  what  is 
the  best  antidote  ? 

A.  Chalk  or  magnesia  mixed  with  a  little 
water. 

1234*  What  is  the  best  antidote  to  verdigris  ? 

A.  Sugar,  or  the  white  of  egg. 

1235*  If  chlorine  gas  has  been  taken  immoderately, 
what  is  the  best  antidote  ? 

A.  Removal  to  a  current  of  fresh  air, 
and  the  inhalation  of  ammonia,  (harts- 
horn.) 


ANTIDOTES    FOK    POISONS. 

Why  ia  strong  green  tea  unwholesome? 
A.  liecause  it  contains  prussic  acid,  which 
injures  the  nervous  system. 

1237a   Why  will  Btrong  Souchong  tea  poison  flies? 

A.  Because  it  contains  prussic  acid,  whicl 
destroys  their  nervous  system. 


PART  Y. 


METEOROLOGY. 


CHAPTER   I. —ATMOSPHERE. 
1238*  What  is  meteorology  ? 

A.  It  is  a  science  which  has  for  its  object 
the  investigation  of  the  changes  which  are 
constantly  taking  place  in  the  atmosphere. 
The  knowledge  of  the  alterations  of  the  wea- 
ther and  of  the  laws  which  govern  these  alte- 
rations is  styled  Meteorology;  that  is,  weather- 
wisdom. 

1239*  Of  what  is  atmospheric  air  composed  ? 

A.  Principally  of  two  gases,  oxygen  and 
nitrogen,  mixed  together  in  the  following 
proportion, — viz.  1  part  of  oxygen  to  4  of 
nitrogen. 

It  must  not  be  forgotten  that  the  air  contains  small  quantities  of 
other  gaseous  substances,  as  vapor  of  water,  carbonic  acid,  and  am. 
monia. 

1240*  What  do  you  mean  by  a  gas  ? 

A.  An  elastic  fluid  resembling  air. 

Most  gases  are  invisible  or  colorless,  like  air. 

"Elastic  :"  in  this  respect  gas  differs  from  a  liquid,  which  is  almost 
inelastic,  whereas  gRS  is  exceedingly  elastic. 
*' Resembling  air,"  or  aeriform.   The  word  gas  means  air,*  but  air  is 
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1241.   How  is  the  air  heated  ? 

A.  By  convection,  thus : — The  sun  heats 
the  earth,  and  the  earth  heats  the  air  resting 
upon  it:  the  air  thus  heated  rises,  and  is  suc- 
ceeded by  other  air,  which  is  heated  in  a  simi- 
lar way,  till  the  whole  volume  is  warmed  by 
"  convective  currents." 

I242i  What  is  meant  by  "convcclivi;  currents"  of  hot 
air? 

A.  Streams  of  air  heated  by  the  earth, 
which  rise  and  carry  heat  with  them. 

1243i   Does  the  sun  heat  the  air  as  it  does  the  earth  ? 

A.  No :  the  air  is  not  heated  by  the  rays 
of  the  sun,  because  air,  like  water,  is  a  very 
bad  conductor. 

1244.  How  ia  the  air  made  cold  ? 

A.  The  air  resting  on  the  earth  is  made 
cold  by  contact :  this  cold  air  makes  the  air 
above  it  cold ;  and  cold  currents,  or  winds, 
agitate  the  whole  till  all  becomes  of  one  tem- 
perature. 

1245.  What  effect  is  produced  upon  air  by  cold  1 

A.  It  is  condensed,  or  shrunk  into  a  smaller 
compass ;  in  consequence  of  which,  it  becomes 
heavier,  and  descends  toward  the  ground. 

1246.  Prove  that  air  is  condensed  by  cold. 

A.  Lay  a  bladder  half  full  of  air  before  a 
fire  till  it  has  become  fully  inflated :  if  it  be 
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now  removed  from  the  fire,  the  bladder  will 
collapse,  because  the  air  condenses  into  its 
former  bulk. 

1247*  How  do  you  know  that  condensed  air  will 
descend? 

A.  Because  a  fire-balloon  falls  to  the  earth 
as  soon  as  the  spirit  in  the  cotton  is  burnt  out 
and  the  air  of  the  balloon  has  become  cold 
agim. 

1248*  What  is  meant  by  the  bladder  "  collapsing"  ? 

A.  The  skin  becoming  wrinkled,  shrivelled, 
and  flafoby,  because  there  is  not  sufficient  air 
jpskfa%to  fill  it. 

1249t  How  are  fishes  able  to  ascend  to  the  surface  of 
water? 

A.  Fishes  have  an  air-bladder  near  the  ab- 
domen :  when  this  bladder  is  filled  with  air, 
the  fish  increases  in  size,  and,  being  lighter, 
ascends  through  the  water  to  its  surface. 

1250*  How  are  fishes  able  to  dive  in  a  minute  to  the 
bottom  of  a  stream  ? 

A.  They  expel  the  air  from  their  air-blad- 
der; in  consequence  of  which,  their  size  is 
diminished,  and  they  sink  instantly. 

1251*  Why  do  persons  who  ascend  in  balloons  feel 
pain  in  their  eyes,  ears,  and  chest  ? 

A.  Because  the  air  in  the  upper  regions  of 
the  atmosphere  is  more  rare  than  the  air  in 
their  bodies;  and,  till  equilibrium  is  restored, 
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will  be  felt  in  the  more  sensitive  parts 
tne  body, — more  especially  in  the  tympa- 
num of  the  ear. 

1252.  Why  do  persona  who  descend  in  diving-bell* 
feel  pain  in  their  eyes,  ears,  and  chest? 

A.  Because  the  air  in  the  diving-bell  is 
compressed  by  the  uoward  pressure  of  the 
water;  in  consequence  of  which,  great  pain 
is  felt  in  the  more  sensitive  parts  of  the 
body. 


s  fee!  oppressed  just  previow  ta  a 

A.  Because  the  air  is  greatly  rarefied  by  heat 
and  vapor,  and  the  air  within  us,  seeking  to 
become  of  the  same  rarity,  produces  an  op- 
pressive and  suffocating  feeling. 

1251.  Hon  do  you  know  that  the  density  of  the  aS*  is 
lowered  previous  to  a  storm?  ■*  -.-' 

A.  Because  the  mercury  of  a  barometer 
rapidly  falls. 

1255.  What  is  to  be  understood  by  the  density  of  th« 
air? 

A.  The  quantity  contained  in  a  given  bulk. 

1256.  Is  there  any  law  regulating  the  density  of  the 
atmosphere  ? 

A.  The  density  of  the  air  decreases  with 
the  altitude. 
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I257#  To  what  is  this  owing  ? 

A.  To  the  diminished  pressure  of  the  air 
and  the  decreasing  force  of  gravity.  Those 
portions  directly  incumbent  upon  the  earth 
are  most  dense,  because  they  bear  the  weight 
of  the  superincumbent  portions  :  Fig.  3# 
thus,  the  hay  at_  the  lower  part 
of  the  stack  bears  the  weight  of 
that  above,  and  is  therefore  more 
compact  and  dense. 

In  the  accompanying  engraving  this  idea  may  be 
•onve/td  by  tbe  gradual  shading,  which  denotes 
the  gradual  diminution  in  the  density  of  the  atnio- 
aphera  in  proportion  to  its  altitude. 

■* 

4    1258*  Why  do  cellars  feel  warm  in  winter  ? 

A.  Because  the  external  air  has  not  free 
access  into  them ;  in  consequence  of  which, 
they  remain  at  an  almost  even  temperature, 
— which  in  winter-time  is  warmer  than  the 
external  air. 

I2S9t  Why  do  cellars  feel  cold  in  summer? 

A.  Because  the  external  air  has  not  free 
access  into  them ;  in  consequence  of  which, 
they  remain  at  an  almost  even  temperature, 
— which  in  summer-time  is  colder  than  the 
external  air. 

1260 »  Why  is  it  often  painful  and  difficult  to  breathe 
on  a  mountain-top  ? 

A.  Because  the  pressure  of  air  on  the 
mountain-top  is  not  so  great  as  it  is  on  the 
plain,  and  the  air  inside  our  bodies,  seeking 
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*•■      >come  of  the  same  rarity,  bursts  through 
b  pores  of  the  body   and  produces  great 
pain. 

1261.   What  effect  has  heat  upon  the  air? 

A.  Heat  rarefies  the  air  and  causes  it  to 

expand. 

1!  Hot  do  you  know  that  heat  eausea  the  air  to 

eipai 

"is  :  if  a  bladder  half  full  of  air,  tied 
nd  the  neck,  be  laid  before  a  fire, 
expand  by  the  heat  and  fill  the 

1263.  What  m  a  barometer? 

A.  A  weather-glass,  or  instrument  to  mea- 
sure the  variations  in  the  weight  of  the  air; 
by  means  of  which  variations  we  may  judge 
what  weather  may  be  expected, 

"Barometer"  is  a  compound  of  two  Greek  words, — fflfK,  (baros,) 
Height,  anil  pert**,  (metron,)  a  measure. 

1264.  When,  and  by  whom,  was  the  barometer  in- 
vented ? 

A.  About  the  middle  of  the  seventeenth 
century,  by  Torricelli,  a  friend  and  pupil  of 
Galileo. 

He  selected  for  his  experiment  mercury,  the  heaviest  known  liquid. 
As  this  is  131  times  heavier  than  water,  he  argued  that  the  column  of 

less  than  the  height  of  a  euluinn  of  water  sustained  In  like  manner,  or 
about  30  inches.  He  procured  a  glass  tube  A  B  (fig.  i)  more  than  30 
inches  in  length,  open  at  one  end,  A,  and  closed  at  the  other  end,  B. 
Placing  this  tube  with  the  open  end  upward,  he  filled  it  with  mercury, 
and  applying  his  finger  to  the  end  A,  so  as  to  prevent  the  escape  of  the 
mercury,  he  inverted  the  tube,  plunging  the  end  A  into  the  cistern 
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CD,  (fif-.  J,)  containing  mercury;  the  open  end,  A,  being  below  iba 
runice  F  of  the  mercury  in  tbe  cistern,  and  no  sir  having  been  al- 


lowed to  communicate  with  it.     Upon  removing  the  finger,  therefore, 

eery  in  the  tube.  Immediately  the  mercury  was  observed  to  subside 
from  the  top  of  the  tube  end  its  surface  gradually  to  descend  to  the 
level  E,  about  30  inches  above  the  mercury  in  the  cistern.  The  remit 
wis  what  Torrieelli  expected;  and  he  soon  perceived  the  true  cause  of 
the  phenomenon.  The  atmospheric  pressure,  acting  upon  the  surface 
F,  while  the  surface  E  was  protected  from  the  pressure  by  the  closed 
end,  B,  of  the  tube,  supported  tbe  weight  of  tbe  column  E  F.  The 
pressure  was  transmitted  by  the  liquid  mercury  in  the  cistern  from  the 
external  surface  F  to  the  base  of  the  column  contained  in  the  tube. 

1265.  How  was  the  fact  that  the  column  of  mercury 
was  sustained  by  the  pressure  of  the  atmosphere  farther 
Terified  ? 

A.  By  an  experiment  made  by  Pascal,  in 
France. 
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A.  It  was  noticed  that  when  the  apparatus 
above  described  was  kept  in  a  fixed  position, 
the  height  of  the  column  fluctuated  from  day 
to  day  within  certain  small  limits.  The  effect 
was  of  course  to  be  attributed  to  the  variation 
in  the  weight  of  the  incumbent  atmosphere, 
arising  from  various  meteorological  causes. 

Fig.  0.  Tho  wheel  barometer  consists  of  a  bent 

fig.  fl,  the  column  being   sustained  by  tho 


lill.l  ufw 

ch  U  open.    A  small  float 

rents  upon    the    mercury 

■turtu  • 

rm  of  the  tubo,  ami  is  busi 

by  a  slon 

.or  thread,  which  i-  ]'.t*^"I 

arrying  an  index.     As  tb 

of  the  m 

ruury  is  altered,  and  the 

lowered  in  lbi>  tube,  (be 

moves  ; 

nd,  m  the  divisions  ™  I 

1267.  Why  is  the  tube  of  a  ba- 


A.  That  the  air  may 
press  upon  it  freely;  and, 
as  this  pressure  varies,  the 
mercury  rises  or  falls  in  the 
tube. 


i  barometer,  which   measures   the 
rvice  as  a  weather-glass  ? 
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A.  When  air  is  moist,  or  filled  with  vapor, 
it  is  lighter  than  usual,  and  the  column  of 
mercury  stands  low; 

When  air  is  dry  and  free  from  vapor,  it  is 
heavier  than  usual,  and  the  mercury  stands 
high. 

Thus  the  barometer,  by  showing  the  varia- 
tions in  the  weight  of  the  air,  indicates  the 
changes  of  the  weather  also. 

12690  The  height  of  mountains  may  be  ascertained 
by  a  barometer :  explain  this. 

A.  As  we  ascend  a  high  mountain,  the 
quantity  of  air  above  us  becomes  less  and 
less  every  step  we  ascend,  and  requires  less 
mercury  to  balance  it;  in  consequence  of 
which,  the  mercury  in  the  tube  of  the  baro- 
meter falls. 

If  a  pile  of  books  be  placed  on  a  table,  tjie  bottom  book  will  sustain 
the  most  weight,  and  every  book  will  sustain  less  and  less  as  we  get 
nearer  and  nearer  to  the  top.  The  air  somewhat  resembles  this  pile. 
That  on  the  surface  of  the  earth  resembles  the  bottom  book  of  the 
pile ;  and  as  we  ascend  a  mountain  the  quantity  of  air  above  keeps 
diminishing,  and  the  weight  to  be  sustained  is  in  proportion  less. 

For  general  purposes,  we  may  take  this  for  a  rule :  for  every  one 
hundred  feet  of  perpendicular  height  the  barometer  will  fall  one- 
tenth  of  an  inch.  If,  therefore,  the  barometer  has  fallen  one  and  a 
half  inches,  you  know  the  mountain  is  fifteen  hundred  feet  high. 

1270t  Why  can  you  tell,  by  looking  at  a  barometer,, 
what  kind  of  weather  it  will  be  ? 

A.  Because  the  mercury  in  the  tube  rises 
and  falls  as  the  air  becomes  heavier  or  lighter; 
and  we  can  generally  tell  by  the  weight  of 
the  air  what  kind  of  weather  to  expect. 
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.  Of  what  use  is  a  barometer  to  sailors  T 
A.  It  warns  them  to  regulate  their  ships 
before  squalls  come  on. 

1272.  How  can  a  barometer  warn  sailors  to  regulate 
their  jhips? 

A.  As  it  indicates  when  wind,  rain,  and 
storm  are  at  hand,  the  sailor  can  make  his 

fillip  trim  before    '  'take  him. 

1273*  Does  water  invariant  boil  when  the  thermo- 
meter indicates  its  temperature  to  be  212°? 

A.  No :  its  botling-point  is  212°  when  the 
barometer  stands  at  30  inches.  If  the  baro- 
meter rises  above  30  inches,  the  boiling-point 
of  water  is  more  than  212°. 

1274.  Suppose  the  barometer  should  Call  below  30 
inches:   will  the  water  boil  before  it  is  healed  to  212°  ? 

A.  Yes :  water  has  been  known  to  boil  at 
180°  of  temperature.  This  occurred  on  the 
top  of  the  Himalaya  Mountains,  at  an  eleva- 
tion of  18,000  feet  above  the  level  of  the  sea. 

1275.  Is  boiling  water  always  equally  hot? 

A.  No :  in  elevated  places  many  substances 
cannot  be  cooked  by  boiling  in  water. 

1276.  Why  cannot  many  substances  be  cooked  by 
boiling  water  in  elevated  places  ? 

A.  Because  the  pressure  of  the  atmosphere 
is  diminished,  and  consequently  the  mercury 
in  the  barometer  would  stand  below  30  inches. 
When  this  is  the  case,  water  boils  before  it  is 
heated  to  212°. 
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1277§  Would  water  boil  at  a  lower  temperature  than 
212°  if  placed  under  the  exhausted  receiver  of  an  air- 
pump? 

A.  Yes :  water  may  be  made  to  boil  at  a 
temperature  about  equal  to  that  of  summer 
weather,  or  about  72°. 

1278#  Do  all  liquids  boil  at  a  lower  temperature  when 
in  vacuo  ? 

A.  Yes :  under  the  exhausted  receiver  of 
an  air-pump  all  liquids  will,  as  a  general  rule, 
boil  at  a  temperature  140°  lower  than  in  the 
open  air. 

"Vacuo,"  unoccupied  space;  a  space  containing  nothing, — not  even 
*ir. 

1279.  Why  will  they  boil  at  a  lower  temperature  when 
in  vaeuo  ? 

A.  Because  the  pressure  of  the  atmosphere 
is  diminished. 

1280t  What  is  the  ordinary  pressure  of  the  atmo- 
sphere ? 

A.  About  15  pounds  on  the  square  inch 
when  the  barometer  stands  at  30  inches. 

128 1#  If  the  atmospheric  pressure  is  equal  to  about 
15  pounds  on  the  square  inch,  to  what  weight  is  an  ordi- 
nary-sized man  exposed  ? 

A.  To  a  pressure  of  about  fourteen  tons. 

1282t  If  he  were  oppressed  with  a  weight  of  fourteen 
tons  of  iron,  he  would  be  crushed:  why  does  not  the 
pressure  of  the  air  kill  us  ? 

A.  Because  the  air  is  inspired  by  the  lungs 
and   pervades   the  whole  body :    it   presses 
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equally  in  all  directions,  and  therefore  we 
suffer  no  inconvenience. 

1283t  Does  the  air  press  all  bodies  equally  on  all 
sides  ? 

A.  It  does.  Its  upward  pressure  is  equal 
to  its  downward  or  its  lateral  pressure. 

"  Lateral/'  at  the  sides,  sideways. 

1284#  Why  will  not  liquor  run  freely  out  of  a  barrel 
until  the  vent-peg  is  removed  ? 

A.  Because  the  upward  pressure  of  the  ex- 
ternal air  admitted  through  the  vent-peg 
holds  the  liquor  back,  as  it  is  not  counter- 
balanced by  any  pressure  of  air  on  the  sur- 
face of  the  liquid  in  the  barrel. 

The  upward  pressure  of  air  is  illustrated  by  the  following  simple 
experiment : — Fill  a  wineglass  with  water j  cover  the  top  of  the  glass 
with  a  piece  of  writing-paper ;  turn  the  glass  upside  down,  and  the 
water  will  not  run  out.  The  paper  is  used  merely  to  give  the  air  a 
medium  sufficiently  dense  to  act  against. 

1285t  When  liquor  is  decanted  or  poured  from  a 
bottle,  why  does  it  gurgle  ? 

A.  The  bubbling  noise  is  made  by  the  air 
rushing  into  the  bottle  and  the  liquor  burst- 
ing out. 

The  liquor,  filling  the  neck  of  the  bottle,  prevents  the  air  from  get- 
ting freely  in,  and  the  air,  pressing  against  the  mouth  of  the  bottle, 
prevents  the  liquor  from  getting  freely  out ;  in  consequence  of  which, 
the  air  bursts  into  the  neck  of  the  bottle,  and  the  liquor  runs  from  the 
same,  by  fits  and  starts,  as  either  is  able  to  prevail:  as  this  process  is 
repeated,  the  noise  produced  is  called  a  gurgle. 

1286t  If  you  insert  a  straw  into  a  barrel  of  cider, 
wine,  &c,  you  may  suck  the  liquid  at  pleasure :  explain 
this. 

A.  By  sucking,  all  the  air  is  exhausted  or 
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drawn  out  of  the  straw :  the  weight  of  the 
surrounding  air  causes  the  liquid  to  rush  in  to 
fill  the  vacuum  in  the  straw,  and,  of  course, 
it  flows  into  the  mouth. 

1287#  If  a  flat  piece  of  moist  leather  be  put  in  close 
contact  with  a  stone  or  other  heavy  body,  and  a  cord  be 
attached  to  the  centre  of  the  leather,  the  stone  may  be 
lifted  by  the  cord :  explain  this. 

A.  The  air  is  excluded  between  the  lea- 
ther and  the  stone ;  consequently,  a  vacuum 
is  formed,  and,  owing  to  the  pressure  of  the 
atmosphere,  which  is  equal  to  15  pounds  for 
every  square  inch,  the  leather  and  stone  are 
so  firmly  attached  together  that  the  weight 
of  the  stone  is  not  sufficient  to  separate  them. 

1288*  What  is  a  thermometer  ? 

A.  An  instrument  to  show  the  tempera- 
ture of  the  air,  water,  or  any  substance  what- 
ever. 

"  Thermometer**  is  a  compound  of  two  Greek  words, — Bepftof,  (ther- 
mos,) heat,  And  i^rpoM,  (metron,)  mecwure. 

1289*  What  is  the  difference  between  a  thermometer 
and  a  barometer  ? 

A.  In  a  thermometer  the  mercury  is  sealed 
up  from  the  air,  and  rises  or  falls  as  the  vary- 
ing temperature  of  the  air  expands  or  contracts 
it;  but 

In  a  barometer  the  mercury  is  left  exposed 
(or  open)  to  the  air  at  its  lower  extremity, 
and  rises  or  falls  as  the  varying  weight  of 
the  air  presses  upon  the  open  column. 
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'    12Mt  If  the  mercury  of  tie  thermometer  be  sealed  uj 
from  the  air,  how  can  the  air  affect  it  ? 

A.  The  heat  of  the  air  passes  through  the 
glass  tube  into  the  mercury,  which  causes 
the  metal  to  expand  and  rise  in  the  tube. 

lStlt  When,  and  by  whom,  was  the  thermometer  in- 
Tontiwl  1 

A.  The  thermometer  was  invented  about 
the  war  1600;  but,  like  many  other  inven- 
tion*, the  merit  of  its  discovery  is  not  to  be 
ascribed  to  one  person,  but  to  be  distributed 
among  many. 

129&  Why  is  the  thermometer  in  general  use  in  the 
United  States,  England,  and  Holland  called  Fahrenheit's 
thermometer  f 

A.  BecauHO    thermometers   having  a  like 
graduation  wuru  first  manufactured  by  Fah- 
renheit,   a    Dutch    philosophical-instrument- 
maker.     The  employment  of  mercury  as  the 
Fig,f,  most  suitable  fluid  for 

the  thermometer  is  also 
usually  attributed  to 
him. 

1293.  How  many  kindsof 
thermometers  are  in  general 

A.  Three,— Fahren- 
heit's, Keaumur's,  and 
the  Centigrade  thermo- 
meter, or  thermometer 

of  Celsius. 
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1294#  What  constitutes  the  difference  between  these 
instruments  ? 

A.  The  differences  of  graduation  between 
the  freezing  and  boiling  points  of  water. 
Reaumur's  is  divided  into  eighty  degrees,  the 
Centigrade  into  one  hundred,  and  Fahren- 
heit's into  one  hundred  and  eighty.  Accord- 
ing to  Reaumur,  water  freezes  at  0°  and  boils 
at  80° ;  according  to  Centigrade,  it  freezes  at 
0°  and  boils  at  100° ;  and  according  to  Fah- 
renheit, it  freezes  at  32°  and  boils  at  212°. 


CHAPTER  II.— WINDS. 
1295t  What  is  wind  ? 

A.  Wind  is  air  in  motion. 

1296t  What  puts  the  air  in  motion,  so  as  to  produce 
wind? 

A.  The  principal  causes  are  the  variations 
of  heat  and  cold,  produced  by  the  succession 
of  day  and  night  and  of  the  four  seasons. 

1297t  What  is  the  cause  of  wind  ? 

A.  The  sun  heats  the  earth,  and  the  earth 
heats  the  air  resting  upon  it :  as  the  warm 
air  ascends,  the  void  is  filled  up  by  a  rush  of 
cold  air  to  the  place ;  and  this  rush  of  air  we 
call  wind. 

1298t  Does  the  wind  always  blow  ? 

A.  Yes:  there  is  always  some  motion  in 

21 
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the  air;  but  the  violence  of  the  motion  is 
perpetually  varying. 

1299*  Does  the  rotation  of  the  earth  upon  its  axis 
affect  the  motion  of  the  air  ? 

A.  Yes,  in  two  ways :  1st.  As  the  earth 
moves  round  its  axis,  the  thin  movable  air  is 
left  somewhat  behind,  and  therefore  seems, 
to  a  stationary  object,  to  be  blowing  in  the 
opposite  direction  to  the  earth's  motion; 
and, 

2d.  As  the  earth  revolves,  different  por- 
tions of  its  surface  are  continually  passing 
under  the  vertical  rays  of  the  sun. 

1300*  When  are  the  rays  of  the  son  called  "vertical 
rays" ? 

A.  When  the  sun  is  in  a  direct  line  above 
any  place,  his  rays  are  said  to  be  "vertical" 
to  that  place. 

1301*  Illustrate  the  manner  in  which  the  earth's  sur- 
face passes  under  the  vertical  sun. 

A.  Suppose  the  brass  meridian  of  a  globe 
to  represent  the  vertical  rays  of  the  sun  :  as 
you  turn  the  globe  round,  different  parts  of 
it  will  pass  under  the  brass  rim  in  constant 
succession. 

1302#  Why  is  it  noonday  to  the  place  over  which  the 
sun  is  vertical  ? 

A.  Because  the  sun  is  half-way  between* 
"  is  rising  and  sotting  to  that  place. 
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1303t  Show  how  this  rotation  of  the  earth  affects  the 

air. 

A.  If  we  suppose  the  brass  meridian  to  be 
the  vertical  sun,  the  whole  column  of  air  be- 
neath will  be  heated  by  the  noonday  rays  : 
that  part  which  the  sun  has  left  will  become 
gradually  colder  and  colder,  and  that  part  to 
which  the  sun  is  approaching  will  grow  con- 
stantly warmer  and  warmer. 

1304#  Then  there  are  three  qualities  of  air  about  this 

BDOt? 

A.  Yes :  the  air  over  the  place  which  has 
passed  the  meridian  is  cooling;  the  air  under 
the  vertical  sun  is  the  hottest ;  and  the  air 
which  is  over  the  place  about  to  pass  under 
the  meridian  is  increasing  in  heat. 

1305t  Does  air,  like  water,  expand  by  heat? 

A.  It  does;  and  this  expansion  is  the  cause 
of  winds. 

1306t  How  does  this  variety  in  the  heat  of  air  pro- 
duce wind? 

A.  The  air  always  seeks  to  preserve  an 
equilibrium :  therefore  cold  air  rushes  into 
the  void  made  by  the  upward  current  of 
warjm  air. 

1307t  Why  does  not  the  wind  always  blow  one  way, 
following  the  direction  of  the  sun  ? 

A.  Because  the  direction  of  the  wind  is 
subject  to  perpetual  interruptions  from  hills 
and  valleys,  deserts,  seas,  &c. 


ow  ea.u  Iti ] Ih  mill   mountains  alk-r  tlie  course} 
.       ? 

a  -  Suppose  a  wind  blowing  from  tne 
strikes  a  mountain :  as  it  cannot  pass 
gh  it,  it  must  either  rush  back  again, 
uy  off  at  one  side,  (as  a  marble  when  it 
'ikes  against  a  wall.) 
1309.  Do  mounl  "         "        the  wind  in  any  other 

A.  Yes  :  many  mourn  ins  are  capped  with 

snow,  and  the  warm  p      is  condensed  when 

it  comes  in  contact  w:       them;  but  as  soon 

"«  the  temperatu!  U  8  wind  is  changed, 

direction    mtn,  langed    also.      (See 

J   ;.8.» 

Fig-  S. 
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which  i9  cooling  don 
and  C,  tbe  column  w 
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rh  is  to  be  heated  a* 
r  of  A  will  rush  inward  B  C ;  because  tbe  air  of  B  and  C  is  hotter 
an  A.  But  suppose,  now,  C  to  be  a  snow-capped  mountain:  aa  tho 
it  sir  or  B  reaches  C,  it  Is  chilled ;  and,  being  now  colder  (bin  the 
r  behind,  it  rashes  back  again  toward  A,  instead  or  following  tho 

1310a  How  can  the  ocean  affect  the  direction  of  tha 
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A.  When  the  ocean  rolls  beneath  the 
vertical  sun,  the  water  is  not  made  so  hot  as 
the  land ;  in  consequence  of  which,  the  gene- 
ral direction  of  the  wind  is  directed  from 
tracts  of  ocean  toward  tracts  of  land. 

131  It  Why  is  not  the  water  of  the  sea  made  so  hot 
by  the  vertical  sun  as  the  surface  of  the  land  ? 

A.  1st.  Because  the  evaporation  of  the  sea 
is  greater  than  that  of  the  land ; 

2d.  The  constant  motion  of  the  water 
prevents  the  increase  of  temperature  at  the 
surface ; 

3d.  The  rays  of  the  sun  strike  into  the 
water;  in  consequence  of  which,  the  imme- 
diate surface  is  much  less  affected ;  and, 

4th.  Water  is  a  bad  conductor  of  heat. 

1312#  "Why  does  the  evaporation  of  the  sea  prevent 
its  surface  from  being  heated  by  the  vertical  sun  ? 

A.  Because  its  heat  is  absorbed  in  the 
generation  of  vapor  and  carried  off  into  the 
air. 

1313.  Why  does  the  motion  of  the  sea  prevent  its 
surface  from  being  heated  by  the  vertical  sun  r 

A.  Because  each  portion  rolls  away  as 
soon  as  it  becomes  heated,  and  is  succeeded 
by  another;  and  this  constant  motion  pre- 
vents the  surface  of  the  sea  from  being 
much  more  heated  than  the  water  below  the 
surface. 

24* 
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1314*  Why  are  those  winds  which  blow  over  large 
continents  or  tracts  of  land  generally  dry  ? 

A.  Because  in  their  passage  they  absorb 
very  little  water,  as  they  do  not  blow  over 
large  oceans. 

1315*  Why  do  our  hands  and  lips  chap  in  frosty  and 
windy  weather  ? 

A.  1st.  Because  the  wind  or  frost  absorbs 
the  moisture  from  the  surface  of  the  skin; 
and, 

2d.  The  action  of  wind  or  frost  produces 
a  kind  of  inflammation  on  the  skin. 

1316*  Why  does  wind  dry  damp  linen  ? 

A.  Because  dry  wind  (like  a  dry  sponge) 
imbibes  the  particles  of  vapor  from  the  sur- 
face of  the  linen  as  fast  as  they  are  formed. 

131 7*  Why  are  the  west  winds  in  the  Atlantic  States 
^morally  dry  f 

A.  Because  they  come  over  large  tracts  of 
land,  and  therefore  absorb  very  little  water; 
and,  being  thirsty,  they  readily  imbibe  moist- 
ure from  the  air  and  clouds,  and  therefore 
bring  dry  weather. 

IS  I  H«   Why  is  our  north  wind  generally  cold  ? 

A.  Because  it  comes  from  the  polar  regions, 
over  mountains  of  snow  and  seas  of  ice. 

1319*   Why  are  our  north  winds  generally  dry? 

A.  Because  they  come  from  colder  regions, 
and,  being  warmed  by  the  heat  of  our  climate, 
absorb  moisture  from  every  thing  with  which 
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they  come  in  contact;    in  consequence  of 
which,  they  are  generally  dry. 

1320*  Why  are  our  south  winds  generally  warm  ? 

A.  Because  they  come  over  countries 
warmer  than  our  own,  where  they  are  much 
heated. 

1321*  Why  are  winds  which  blow  over  a  vast  body 
of  water  generally  rainy  ? 

A.  Because  they  come  laden  with  vapor : 
if,  therefore,  they  meet  with  the  least  chill, 
some  of  the  vapor  is  deposited  as  rain. 

1322*  Bo  clouds  affect  the  wind  ? 

A.  Yes.  As  passing  clouds  screen  the 
direct  heat  of  the  sun  from  the  earth,  they 
diminish  the  rarefaction  of  the  air  also ;  and 
this  is  another  cause  why  neither  the  strength 
nor  direction  of  the  wind  is  uniform. 

SECTION  I -OONSTAKT  WI5D& 

1323*  Would  the  wind  blow  regularly  from  east  to 
west  if  these  obstructions  were  removed  ? 

A.  Without  doubt.  If  the  whole  earth 
were  covered  with  water,  the  winds  would 
always  follow  the  sun,  and  blow  •  uniformly 
in  one  direction. 

1324*  Bo  winds  ever  blow  regularly  ? 

A.  Yes :  in  those  parts  of  the  world  which 
present. a  large  surface  of  water,  as  in  the 
Atlantic  and  Pacific  Oceans. 


284  winds. 

1325*  What  are  the  winds  which  blow  over  tl 
Atlantic  and  Pacific  Oceans  called  ? 

A.  They  are  called  "  trade-winds." 

1326.  Why  are  they  called  "trade-winds"  f 

A.   Because  they  are  very  convenient 
merchants  who  have  to  cross  the  ocean,  ina*— a 
much  as  they  always  blow  in  one  direction. 

1327*  In  what  direction  do  the  trade- winds  blow  ? 

A.  That  in  the  northern  hemisphere  blowfi^ 
from  the  northeast;   that  in  the  southern- 
hemisphere,  from  the  southeast. 

1328*  Why  do  they  not  blow  from  the  full  north  and 
south  ? 

A.  Because  currents  of  air  flowing  from 
the  poles  give  them  an  easterly  direction. 

This  effect  is  due  in  some  measure  to  the  rotation  of  the  earth  on 
its  axis. 

1329«  What  is  the  cause  of  these  currents  of  air 
from  the  poles  to  the  equator  ? 

A.  The  air  about  the  equator  constantly 
ascends,  in  consequence  of  being  rarefied  by 
the  heat  of  the  sun ;  and,  as  the  hot  equa- 
torial air  ascends,  cold  air  from  the  north 
and  south  flows  toward  the  equator  to  restore 
the  equilibrium. 

1330.  Is  there  an  upper  as  well  as  a  lower  current  in 
the  atmosphere  ? 

A.  Yes :  the  upper  current  of  rarefied  air 
is  from  the  equator  to  the  poles, — where  it  is 
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condensed,  and  then  returns  again  to  the 
equator,  forming  the  lower  current. 

1331  •  These  lower  currents  (from  the  poles  to  the 
equator)  have  an  easterly  tendency.  Explain  the  causa 
of  this. 

A.  All  the  atmosphere  revolves  with  the 
earth ;  but  when  a  current  of  air  from  the 
poles  flows  toward  the  equator,  it  comes  to 
a  part  of  the  earth's  surface  which  is  moving 
faster  than  itself;  in  consequence  of  which, 
it  is  left  behind,  and  thus  produces  the  effect 
of  a  current  moving  in  the  opposite  direction. 

• 

Thus,  to  a  person  in  a  carriage,  the  hedges  and  trees  seem  to  be 
running  in  an  opposite  direction. 

As  the  circumference  of  the  earth  at  the  equator  is  much  larger 
than  the  circumference  of  the  earth  at  the  poles,  every  spot  of  the 
earth's  equatorial  surface  must  move  much  faster  than  the  correspond- 
ing one  at  the  poles. 

As  the  earth  revolves  on  its  axis  from  west  to  east,  the  air  which 
fi  carried  with  it  will  pecm  to  blow  from  the  west.  As,  however,  the 
eurrent  of  air  from  the  poles  seems  to  blow  in  the  opposite  direction,  it 
will  seem  to  blow  from  the  east,  (or  to  ba  an  easterly  wind.) 

1332*  By  what  means  are  the  northeast  and  south- 
east trade- winds  produced  ? 

A.  By  a  combination  of  the  two  motions 
of  the  polar  currents;  which  produces  the 
intermediate  directions  of  the  northeast  and 
southeast. 

1333t  Arc  both  these  motions  of  the  polar  currents 
real? 

A.  No :  the  motion  from  the  east  to  west 
is  only  apparent.  As  the  earth  revolves 
from  west  to  east,  the  air  carried  with  it  will 
be  a  west  wind ;  but  the  polar  currents  seem 


to  blow  in  the  opposite  direction,  merely 
because  they  have  not  acquired  the  same 
velocity. 

1334.  Do  trade-winds  blow  from  the  northeast  and 
southeast  all  the  year  round  ? 

A.  Yes,  in  the  open  sea;  that  is,  in  the 
Atlantic  and  Pacific  Oceans,  for  about  thirty 
degrees  each  side  of  the  equator. 

1335.  What  do  the  northeasterly  and  southeasterly 
trade-winds  produce  when  they  meet  near  the  equator? 

A.  A  region  of  calms,  in  which  thick, 
foggy  air  prevails,  with  sudden  showers  and 
thunder-storms. 

1336.  Is  this  region  of  calms  fixed  in  its  position? 

A.  No :  it  shifts  its  place  according  to  the 
sun's  distance,  and  position  in  regard  to  the 
equator, — being  sometimes  entirely  to  the 
north  of  the  equator,  and  occasionally  reach- 
ing as  far  as  two  degrees  south  of  it. 

1337a  Do  the  trade-winds  blow  uniformly  from  north' 
east  and  southeast  in  the  Indian  Ocean  ? 

A.  No ;  nor  in  those  parts  of  the  Atlantic 
and  Pacific  which  verge  on  the  continents. 

1338.  How  do  the  trade-winds  in  the  Indian  Ocean 

A.  From  April  to  October  a  southwest 
wind  prevails;  from  October  to  April,  a 
northeast. 


PERIODIC   WINDS.  287 


SECTION  H -PERIODIC  WINDS. 

1339*  What  are  those  periodical  currents  of  air  called 
which  affect  the  neighborhood  of  the  Arabian,  Indian, 
and  Chinese  Seas  ? 

A.  They  are  called  Monsoons. 

1340*  How  far  do  the  limits  of  the  monsoons  extend  ? 

A.  They  extend  from  the  African  shore  to 
the  longitude  of  New  Guinea,  and  are  felt 
northward  as  far  as  the  parallel  of  latitude 
which  crosses  the  Loochoo*  Isles. 

The  Loochoo  Isles  are  about  24°  north  latitude,  and  130°  east  longi- 
tude. 

1341*  Are  the  monsoons  as  powerful  as  the  trade- 
winds? 

A.  They  are  far  more  so,  and  very  often 
amount  to  violent  gales. 

1342a  Why  do  not  the  trade-winds  in  the  Indian 
Ocean  blow  southwest  from  April  to  October  ? 

A.  Because  the  air  of  Arabia,  Persia,  India, 
and  China  is  so  rarefied  by  the  excessive  heat 
of  their  summer  sun  that  the  cold  air  from 
the  south  rushes  toward  these  countries, 
across  the  equator,  during  these  six  months, 
and  produces  a  southwest  wind. 

1343*  To  what  distance  does  this  southwest  wind  pre- 
vail? 

A.  From  three  degrees  south  of  the  equator, 
to  the  shores  of  the  Arabian,  Indian,  and 
Chinese  Seas. 
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1344*  Why  do  the  trade-winds  in  the  Indian  Ocean 
blow  northeast  from  October  to  April  ? 

A.  Because  the  southern  part  of  the  torrid 
zone  is  most  heated  when  the  sun  has  left 
the  northern  side  of  the  equator  for  the 
southern,  and  the  cold  air  from  the  north, 
rushing  toward  the  southern  tropic,  is  diverted 
into  the  direction  of  northeast,  where  it  con- 
tinues for  the  other  six  months  of  the  year. 

1345*  Why  are  the  monsoons  more  useful  to  the 
mariner  than  the  fixed  trade-winds? 

A.  Because  the  mariner  is  able  to  avail 
himself  of  these  periodic  changes  to  go  in 
one  direction  during  one  half  of  the  year 
and  to  return  in  the  opposite  direction  during 
the  other  half. 

1346*  How  is  the  change  of  the  monsoons  marked? 

A.  By  an  interval  of  alternating  calms 
and  storms. 

1347*  Show  the  goodness  and  wisdom  of  God  in  the 
constant  tendency  of  air  to  equilibrium. 

A.  If  the  torrid  zone  were  not  tempered 
by  cold  air  from  the  polar  regions,  it  would 
become  so  hot  that  no  human  being  could 
endure  it.  If,  on  the  other  hand,  the  polar 
regions  were  never  warmed  by  hot  air  from 
the  torrid  zone,  they  would  soon  become  in- 
sufferably cold. 

1348*  In  what  other  way  does  the  mingling  of  the 
polar  and  equatorial  atmosphere  act  beneficially  ? 
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A.  In  the  equatorial  regions  the  great 
abundance  of  vegetable  life  is  productive  of 
a  very  large  amount  of  oxygen;  in  the 
colder  regions,  artificial  fires  and  dense  masses 
of  animal  life  produce  large  quantities  of 
carbonic  acid.  The  mingling  of  the  polar 
and  equatorial  atmosphere  assists  in  supplying 
each  of  these  regions  with  the  very  gas  in 
which  it  would  be  otherwise  deficient. 

1349t  Why  does  the  expansion  of  air  cause  wind  ? 

A.  The  heat  of  the  sun  heats  that  part 
of  the  surface  of  the  earth  over  which  it  is 
vertical ;  the  heat  of  the  earth  thus  acquired 
by  absorption  is  imparted  to  the  lowest 
stratum  of  air,  which,  becoming  expanded, 
rises  and  gives  place  to  another,  and  in  this 
manner  an  ascending  current  is  established. 

The  colder  and  heavier  air  rushes  in  from 
the  colder  regions  north  and  south  to  fill 
the  vacuum  thus  occasioned,  thus  producing 
wind. 

"  Stratum/'  layer.     The  lowest  stratum  of  air  is  that  portion  of  air 
Which  is  in  contact  with  the  surface  of  the  earth. 

1350*  How  does  the  mingling  of  the  polar  and 
equatorial  atmosphere  serve  to  supply  each  region  with 
the  gas  it  most  requires  ? 

A.  The  plants  of  the  equatorial  regions  re- 
quire carbonic  acid;  the  animals  of  the 
colder  regions  require  oxygen.  The  currents 
of  air  from  the  poles  carry  carbonic  acid  to 
the  equatorial  plants,  and  the  currents  of  air 

23 


a  the  equator  carry  oxygen  to  the  ani 

mais  which  abound  nearer  the  poles. 

SEOTIOH  m.- VARIABLE  WOTM. 

1351.  What  are  variable  winds? 

A.  Those  winds  which  are  irregular  as  to 
their  direction  or  time  of  continuance. 

1352.  Why  i,  n  in  summer  sometima 
accompanied  with  i        n 

A.  Because    the  h  of  the    rising  sun 

stops  the  radiation        .  at  from  the  earth, 
and  warms  its  surface. 

1353.  How  does  this  wai  produce  a  breeze  1 

A.  The  air  resting  the  earth's  surface, 
being  warmed  by  conlat  ascends,  and  colder 
air,  rushing  in  to  fill  up  the  void,  produces 
the  morning  breeze. 

1354.  Why  \3  there  often  an  evening  breeze  during 
the  summer  months  ? 

A.  Because  the  earth  radiates  heat  at  sun- 
set and  the  air  is  rapidly  cooled  down  by 
contact :  this  condensation  causes  a  motion 
in  the  air,  called  the  evening  breeze. 

1355>  Why  are  tropical  islands  subject  to  a  sea-breeze 
every  morning  ?  that  is,  a  breeze  blowing  from  the  sea  (o 
the  land. 

A.  Because  solar  rays  are  unable  to  heat 
*he  surface  of  the  sea,  as  they  do  the  earth : 

srefore  the  air  resting  on  the  sea  is  less 
ted  than  the  air  resting  on  the  earth,  and 
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the  colder  sea-air  blows  inland  to  restore  the 
equilibrium. 

1356t  Why  is  a  fine  clear  day  sometimes  overcast  in 
a  few  minutes  ? 

A.  Because  some  sudden  change  of  tempe- 
rature has  condensed  the  vapor  of  the  air 
into  clouds. 

1357*  Why  are  clouds  sometimes  dissipated  very 
suddenly  ? 

A.  Because  some  dry  wind,  blowing  over 
the  clouds,  imbibes  their  moisture  and  carries 
it  off  in  invisible  vapor. 

1358*  Why  does  wind  sometimes  bring  rain  and 
sometimes  fine  weather? 

A.  If  the  wind  be  colder  than  the  clouds, 
it  will  condense  their  vapor  into  rain;  but 
if  the  wind  be  warmer  than  the  clouds,  it 
will  dissolve  them  and  cause  them  to  dis- 
appear. 

1359*  Why  is  a  land-breeze  unhealthy  ? 

A.  Because  it  is  frequently  laden  with 
exhalations  from  putrefying  animal  and  vege- 
table substances. 

I860*  Why  is  a  sea-breeze  fresh  and  healthy  ? 

A.  Becauses  it  passes,  over  the  sea,  and  is 
not  laden  with  noxious  exhalations. 

13$ It  What  is  the  cause  of  a  sea-breeze  ? 

A.  When  the  land  is  more  heated  by  the 
sun  than  the  sea  is,  the  land-air  becomes 
hotter  than  that  over  the  sea ;  in  consequence 
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of  which,  the  cooler  sea-air  glides  inland  to 
restore  the  equilibrium. 

lSt2«  Why  does  a  sea-breeze  feel  cool  ? 

A.  Because  the  sun  cannot  make  the 
surface  of  the  sea  so  hot  as  the  land :  there- 
tow  the  air  which  blows  from  the  sea  is 
cooler  than  the  air  of  the  land. 

• 

1SS3*  Why  are  tropical  islands  subject  to  a  land- 
Vmse  *T**y  evening  ?  that  is,  a  breeze  blowing  from  the 
bad  toward  the  sea. 

A.  Because  the  surface  of  the  land  cools 
down  faster  after  sunset  than  the  surface  of 
the  sea ;  in  consequence  of  which,  the  air  of 
the  cold  land  is  condensed,  sinks  down,  and 
spreads  itself  into  the  warmer  sea-air, — 
causing  the  land-breeze. 

I364«  Why  is  not  the  air  which  passes  over  water 
so  cool  as  that  which  passes  over  land  ? 

A.  Because  water  does  not  cool  down  at 
sunset  so  fast  as  land  does,  and  therefore  the 
air  in  contact  with  it  remains  warmer. 

1365.  Why  does  not  water  cool  down  so  fast  as  land? 

A.  1st.  Because  the  surface  of  water  is 
jvernctually  changing,  and  as  fast  as  one 
surtaoe  is  made  cold  another  is  presented; 
and, 

lid.  The  moment  water  is  made  cold  it 
sinks,  and  warmer  portions  of  water  rise  to 
occupy  its  place  :  therefore,  before  the  surface 
+         \  water  is  cooled,  the   whole   volume 
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must  be  made  cold, — which  is  not  the  case 
with  land. 

1366*  Why  is  the  land-breeze  cool  ? 

A.  Because  the  surface  of  the  land  is 
cooled  at  sunset  more  rapidly  than  the  surface 
of  the  sea :  therefore  seamen  feel  the  air  from 
the  land  to  be  chilly. 

1367*  Explain  the  cause  of  sea-waves. 

A.  The  wind,  acting  on  the  surface  of  the 
sea,  piles  up  ridges  of  water,  leaving  behind 
an  indentation :  as  the  water  on  all  sides 
rushes  to  fill  up  this  indentation,  the  dis- 
turbance spreads  on  all  sides,  and  billow  rolls 
after  billow. 

1368*  Why  does  wind  generally  feel  cold  ? 

A.  Because  a  constantly  changing  surface 
comes  in  contact  with  our  body,  to  draw  off 
its  heat. 

1369*  How  fast  does  wind  travel  ? 

A.  A  gentle  breeze  goes  at  the  rate  of 
about  five  miles  an  hour ;  a  high  wind,  from 
twenty  to  sixty ;  a  hurricane,  from  eighty  to 
one  hundred  miles  an  hour. 

1370*  What  is  a  hurricane  ? 

A.  A  terrific  storm  of  wind,  which,  while 
it  passes  over  the  surface  of  the  earth  or 
ocean,  revolves  on  an  axis,  or  turns  upon 
itself. 

25* 
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1871*  Explain  this  more  folly. 

A.  It  is  the  nature  of  a  hurricane  to  travel 
round  and  round  as  well  as  forward,  ver 
much  as  a  corkscrew  travels  through  a  cork, 
except  that  the  circles  are  all  flat,  and 
described  by  a  rotatory  wind  upon  the  surface 
of  the  water. 

1572.  What  name  do  the  Chinese  give  to  hurricanes? 

A.  They  call  them  typhoons. 

1378*  How  is  the  velocity  of  winds  ascertained  ? 

A.  By  observing  the  velocity  of  the  clouds, 
and  by  an  instrument  for  the  purpose,  called 
an  Anemometer. 

Pronounced  an-e-mom'e-tor.  From  two  Greek  words, — cm**, 
(anemo',)  wind,  and  perpw,  (metron,)  a  measure.  This  term  k  applied 
more  frequently  to  an  instrument  which  measures  the  force  of  wind. 

1374*  How  is  the  velocity  of  the  clouds  ascertained? 

A.  By  observing  the  speed  of  their  shadow 
along  the  ground, — which  is  found  in  a  high 
wind  to  vary  from  twenty  to  sixty  miles  an 
hour. 

1375*  In  what  respect  does  a  tornado  differ  from  a 

hurricane  ? 

A.  Tornadoes  may  be  regarded  as  hurri- 
canes, differing  chiefly  in  respect  to  their  con* 
tinuance  and  extent. 

1376*  How  long  do  they  usually  last  ? 

A.  From  fifteen  to  seventy  seconds. 

1377*  What  is  their  extent  ? 

A.  Their  breadth  varies  from  a  few  rodr 
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to  several  hundred  yards,  and  the  length  of 
their  course  rarely  exceeds  twenty  miles. 

1378*  What  phenomena  generally  attend  them  ?        * 

A.  The  tornado  is  generally  preceded  by  a 
calm  and  sultry  state  of  the  atmosphere, 
when  suddenly  the  whirlwind  appears,  pros- 
trating every  thing  before  it.  Tornadoes 
are  usually  accompanied  by  thunder  and 
lightning,  and  sometimes  showers  of  hail. 

1379.  What  is  a  waterspout  ? 

A.  A  waterspout  is  a  whirlwind  over  the 
surface  of  water,  and  differs  from  a  whirlwind 
on  land  in  the  fact  that  water  is  subjected  to 
the  action  of  the  wind,  instead  of  objects  on 
the  surface  of  the  earth. 

1380*  When  an  observer  is  near,  are  any  sounds  per- 
ceptible ? 

A.  A  loud  hissing  noise  is  heard,  and  the 
interior  of  the  column  seems  to  be  traversed 
by  a  rushing  stream. 

1381*  What  is  the  breadth  and  height  of  water- 
spouts? 

A.  In  diameter  the  spout  at  the  base 
ranges  from  a  few  feet  to  several  hundreds, 
and  its  altitude  is  supposed  to  be  often 
upwards  of  a  mile. 

1382*  What  are  its  successive  appearances  ? 

A.  At  first  it  appears  to  be  a  dark  cone, 
extending  from  the  clouds  to  the  water ;  then 


it  becomes  a  column  uniting  with  the  water. 
After  continuing  for  a  little  time,  the  column 
becomes  disunited,  the  cone  reappears,  and 
is  gradually  drawn  up  into  the  clouds.  (See 
fig.  0.) 


1383*  Is  it  supposed  that  water  is  sucked  up  from 
tlie  ocean  or  lake  by  the  waterspout? 

A.  It  is  acommon  belief  that  water  is  sucked 
up  by  the  action  of  the  spout  into  the  clouds; 
but  there  is  reason  to  suppose  that  water 
rather  descends  from  the  clouds,  as  water 
which  has  fallen  from  a  spout  upon  the  deck 
of  a  vessel  has  been  found  to  be  fresh.  There 
is  no  evidence,  furthermore,  that  a  continuous 
column  of  water  exists  within  the  whirling 
pillar. 


1384.  What  a 


md-pillare  ? 
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A.  They  are  gigantic  columns  of  sand 
raised  by  whirlwinds  in  the  deserts  of  Africa 
and  other  countries.  They  sometimes  extend 
as  high  as  the  clouds,  and  move  with  various 
degrees  of  velocity,  carrying  destruction  in 
their  paths. 


CHAPTER  III.— CLOUDS. 
1385»  What  are  clouds  ? 

A.  Moisture  evaporated  from  the  earth, 
and  again  partially  condensed  in  the  upper 
regions  of  the  air. 

1386t  What  is  the  difference  between  a  fog  and  a 
cloud  ? 

A.  Clouds  and  fogs  differ  only  in  one  re- 
spect :— clouds  are  elevated  above  our  heads ; 
but  fogs  come  in  contact  with  the  surface  of 
the  earth. 

1387t  Why  are  clouds  higher  on  a  fine  day  ? 

A.  Because  they  are  lighter  and  more 
buoyant. 

IS88t  Why  are  clouds  lighter  on  a  fine  day  ? 

A.  1st.  Because  the  vapor  of  the  clouds 
is  less  condensed ;  and, 

2d.  The  air  itself,  on  a  fine  day,  retains 
much  of  its  vapor  in  an  invisible  form. 


1389.  Why  do  clouds  flout  no  readily  uj  tbe  air  ? 

A.  Because  they  are  composed  of  very 
te  globules,  called  vesicles,  which,  being 
^er  than  air,  float  like  soap-bubbles. 

1390.  Are  all  clouds  alike? 

A.  No :  they  vary  greatly  in  density,  height, 
and  color. 

1391.  What  is  the  c  of  fog  and  clouds? 
A.  The  changes  ot       :  wind. 

Mnnj  local  cirL-u  ins!  mitt,,  iIm,  fan      ho  formation  of  clouds. 

1392.  How  can  the  changes  of  the  wind  affect  the 
clouds  ? 

A.  If  a  cold  current  of  wind  blows  sud- 
denly over  any  region,  it  condenses  the  in- 
visible vapor  of  the  air  into  cloud  or  rain ; 
but  if  a  warm  and  dry  current  of  wind  blows 
over  any  region,  it  disperses  the  clouds,  by 
absorbing  their  vapor. 

1393.  What  countries  are  the  most  cloudy? 

A.  Those  where  the  winds  are  most  vari- 
able, as  Great  Britain. 

1391.  What  countries  are  the  least  cloudy? 

A.  Those  where  the  winds  are  least  vari- 
able, as  Egypt. 

1395.  At  what   distance   are  the    clouds   from    the 

A.  Some  thin,  light  clouds  are  elevated 
above  the  highest  mountain-tops;  some  heavy 
ones  touch  the  steeples,  trees,  and  even  the 
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earth ;  but  the  average  height  is  between  one 
and  two  miles. 

Streaky,  curling  clouds,  like  hair,  are  often  five  or  six  miles  high. 

ISMt  What  clouds  are  the  lowest  ? 

A.  Those  which  are  the  most  highly  elec- 
trified: lightning-clouds  are  rarely  more  than 
about  seven  hundred  yards  above  the  ground, 
and  often  actually  touch  the  earth  with* one 
of  their  edges. 

1397t  What  is  the  size  of  the  clouds  ? 

A.  Some  clouds  are  twenty  square  miles  in 
surface  and  above  a  mile  in  thickness,  while 
others  are  only  a  few  yards  or  inches  thick. 

1398t  How  can  persons  ascertain  the  thickness  of  a 
cloud  ? 

A.  As  the  tops  of  high  mountains  are 
generally  above  the  clouds,  travellers  may 
pass  quite  through  them  into  a  clear  blue 
firmament,  when  the  clouds  will  be  seen 
beneath  their  feet. 

1399*  What  produces  the  great  variety  in  the  shape 
of  the  clouds  ? 

A.  Three  things :  1st.  The  cause  and  man- 
ner of  their  formation ; 

2d.  Their  electrical  condition ;  and, 
3d.  Their  relations  to  currents  of  wind. 

14#9«  How  can  electricity  affect  the  shape  of  clouds? 

A.  If  one  cloud  be  full  of  electricity  and 
another  not,  they  will  be  attracted  to  each 
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other,  and  either  coalesce,  diminish  in  size, 
or  vanish  altogether. 

1401*  What  clouds  assume  the  most  fantastic  shapes? 

A.  Those  that  are  the  most  highly  elec- 
trified. 

1402t  What  effect  have  winds  on  the  shape  of  clouds? 

A.  They  sometimes  absorb  them  entirely, 
sometimes  increase  their  volume  and  density, 
and  sometimes  change  the  position  of  theii 
parts. 

1463*  How  can  winds  absorb  clouds  altogether  ? 

A.  Warm,  dry  winds  will  convert  the  sub- 
stance of  clouds  into  invisible  vapor,  which 
they  will  carry  away  in  their  own  current. 

1404*  How  can  winds  increase  the  bulk  and  density 
of  clouds? 

A.  Cold  currents  of  wind  will  condense 
the  invisible  vapor  of  the  air  and  add  it  to 
the  clouds  with  which  they  come  in  contact. 

140 j.  How  can  winds  change  the  shape  of  clouds  by 
altering  the  position  of  their  parts  ? 

A.  Clouds  are  so  voluble  and  light  that 
every  breath  of  wind  changes  the  position  of 
their  vesicles  or  bubbles. 

1406.   What  are  the  general  colors  of  the  clouds  ? 

A.  White  and  gray  when  the  sun  is  above 
the  horizon,  but  red,  orange,  and  yellow  at 
sunrise  and  sunset. 

«  '  \y  is  not  cloud  at  alL 
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1467*  Why  are  the  last  clouds  of  evening  generally 
of  a  red  tinge  ? 

A.  Because  red  rays,  being  the  least  refran- 
gible of  all,  are  the  last  to  disappear. 


•  A  to  be  the  red  raja;  P  B,  the  yellow :  P  C,  the  blue, 
turns  in  the  direction  P  A  D,  it  is  quite  mini  rest  that 
*  tf-ectntor  will  see  A  (the  red  rays)  some  time  alter  P  C  and  P  B 
have  paiied  from  sight. 

IIO81   What  is  meant  by  being  "  less  refrangible"  ? 

A.  Being  less  readily  bent.  Blue  and  yel- 
low rays  are  more  easily  bent  below  the  hori- 
zon by  the  resistance  of  the  air;  but  red  rays 
are  not  so  much  bent  flown,  and  therefore  we 
Bee  them  later  in  the  evening. 

An  at  A,  in  Fig.  10. 

1109i  Why  arc  morning  clouds  generally  of  a  red 

A.  Because  red  rays  are  the  least  refran- 
gible of  all ;  and,  not  being  bent  so  much  as 
blue  and  yellow  rays,  we  see  them  sooner  in 
the  morning. 

■    Thai,  (Fig.  10,)  if  the  earth  turned  in  the  direction  D  A  1\  a  spec- 
tator at  D  would  see  A  (the  red  ray*)  long  before  be  saw  P  B  and 


10.   Why  is  not  the  enlor  of  clouds  alwayt  alike? 

A.  Because  their  size,  density,  and  situa- 
on  in  regard  to  the  sun  are  perpetually 
varying;  so  that  sometimes  one  color  is  re 
fleeted  and  sometimes  another. 

1411.  What  regulates  the  motion  of  the  clouds? 

A.  Principally  the  winds ;  hut  sometimes 
electricity  will  infu..  heir  motion. 

1112.  How  do  yon  kui  ,t  clouds  move  by  other 

iufiueueus  besides  wind  ? 

A.  Because  in  calm  (ather  we  often  see 
small  clouds  meeting  c  i  other  from  oppo- 
site directions. 

1413.  How  do  you  know  t  iat  electricity  affects  the 
motion  of  the  clouds? 

A.  Because  clouds  often  meet  from  oppo- 
site directions,  and,  having  discharged  their 
opposite  electricities  into  each  other,  vanish 
altogether. 

1411.  What  arc  the  uses  o."  clouds? 

A.  1st.  They  act  as  screens  to  arrest  the 
radiation  of  heat  from  tin?  earth ; 

2d.  They  temper  the  ''eat  of  the  sun'e 
rays;  and, 

3d.  They  are  the  great  storehouses  of  rain. 

"  Radiation  of  beat ;"  that  is,  the  escape  of  heat  when  no  conduct™ 

1415.  Why  is  wind  said  to  blow  up  the  clouds? 
A.   Because  a  dry,  warm  wind  which  has 
travelled  over  seas,  nt  -nig  absorbed  a  large 
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quantity  of  ihoisture,  deposits  some  of  it  in 
the  visible  form  of  clouds  as  soon  as  it  reaches 
a  colder  region  of  air. 

1416t  Why  does  wind  sometimes  drive  away  the 
clouds  ? 

A.  Because  it  has  travelled  over  dry  lands 
or  thirsty  deserts,  and  become  so  dry  that  it 
absorbs  vapor  from  the  clouds  and  causes 
them  to  disappear. 

1417t  What  is  the  cause  of  a  red  sunset? 

A.  The  vapor  of  the  air  not  being  actually 
condensed  into  clouds,  but  only  on  the  point 
of  being  condensed. 

1418*  Why  is  a  red  sunset  an  indication  of  a  fine  day 
to-morrow  ? 

.  A.  Because  the  vapors  of  the  earth  are  not 
condensed  into  clouds  by  the  cold  of  sunset. 
Our  Lord  referred  to  this  prognostic  in  the 
following  words : — "  When  it  is  evening,  ye 
say,  It  will  be  fair  weather,  for  the  sky  is 
red."   (Matt.  xvi.  2.) 

1419t  What  is  the  cause  of  a  coppery-yellow  sunset? 

A.  The  vapor  of  the  air  being  actually  con- 
densed into  clouds. 

14S0t  Why  do  vapors  not  actually  condensed  refract 
red  rays,  while  condensed  vapors  refract  yellow  ? 

A.  Because  the  beams  of  light  meet  with 
very  *  little  resistance ;  in  consequence  of 
which,  those  rays  are  bent  down  to  the  eye 
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which  require  the  least  refraction,  such  as 
red. 

See  Fig.  1 0,  where  it  is  evident  thai  the  red  ray  P  A  is  less  bent 
than  the  yellow  and  blue  rays  P  B,  P  C. 

1421*  Why  do  condensed  vapors  refract  yellow  rays, 
whereas  vapors  not  actually  condensed  refract  red  ? 

A.  Because  the  beams  of  light  meet  with 
more  resistance  from  the  condensed  vapor;  in 
consequence  of  which,  those  rays  are  bent 
down  to  the  eye  which  are  more  refracted 
than  the  red,  such  as  yellow. 

See  Fig.  10,  where  it  is  evident  that  the  yellow  ray  P  B  is  more 
bent  than  the  red  ray  P  A. 

1422*  Why  is  a  yellow  sunset  an  indication  of  we^ 
weather  ? 

A.  Because  it  shows  that  the  vapors  of  th^^ 
air  are  already  condensed  into  clouds  \  rain^ 
therefore,  may  be  shortly  expected. 

1 423»  What  is  the  cause  of  a  red  sunrise  ? 

A.  Vapor  in  the  upper  region  of  the  a-ir. 
just  on  the  point  of  being  condensed. 

1424*  Why  is  a  red  and  lowering  sky  at  sunrise     &n 
indication  of  a  wet  day  ? 

A.  Because  the  higher  regions  of  the    ***x* 
are  laden  with  vapor  on  the  very  point     ^ 
condensation,  which  the  rising  sun  canr>f? 
disperse.    Hence  our  Lord's  observation,  "  X*' 
the  morning  ye  say,  It  will  be  foul  weath*  ^%. 
to-day,  for  the  sky  is   red   and   lowering^ 
(Matt,  xvi.3.) 
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1425*  Why  is  a  gray  morning  an  indication  of  a  fine 
day? 

A.  Because  only  the  air  contiguous  to  the 
earth  is  damp  and  full  of  vapor :  there  are 
no  vapors  in  the  higher  regions  of  the  air  to 
bend  down  to  the  eye  even  the  red  rays  of 
any  beam  of  light. 

1426t  What  difference  in  the  state  of  the  air  is  re- 
quired to  make  a  gray  and  red  sunrise  ? 

A.  In  a  gray  sunrise,  only  that  portion  of 
air  contiguous  to  the  earth  is  filled  with  vapor : 
all  the  rest  is  clear  and  dry;  but  in  a  red  sun- 
rise,  the  air  in  the  upper  regions  is  so  full  of 
vapor  that  the  rising  sun  cannot  disperse  it. 

1427t  Why  'is  a  gray  sunset  an  indication  of  wet 
weather  ? 

A.  Because  it  shows  that  the  air  on  the 
surface  of  the  earth  is  very  damp  at  sunset ; 
which  is  a  plain  proof  that  the  air  is  satu- 
rated with  vapor ;  in  consequence  of  which, 
wet  weather  may  be  soon  expected.  Hence 
ihe  proverb — 

'*  Evening  red  and  morning  gray 
Will  set  the  traveller  on  his  way j 
But  evening  gray  and  morning  red 
Will  bring  down  rain  upon  his  head." 

1428*  Wl  .at  is  meant  by  an  aurora  borealis,  or  north- 
ern light  ? 

A.  Luminous  clouds  in  the  northern  sky  at 
night-time.  Sometimes  streaks  of  blue,  pur- 
ple, green ,  red,  &c,  and  sometimes  flashes  of 
light,  ar?  teen. 

26* 
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JL  Tliey  appear  at  all 
TiaUe  during  the  absence 


batareoidy 
of  sunlight 


A.  Tbey  ^»pear  more  frequently  in  the 
winter  than  in  the  summer,  and  are  only 
seen  at  night. 

1133*  R>  diey  occur  in  the  daytime  ? 

A.  The  aurora  is  known  to  affect  the  mag- 
netic needle  and  the  telegraph ;  and,  as  the 
effect  upon  these  instruments  is  noticed  by 
day  as  well  as  by  night,  there  can  be  no 
doubt  of  the  occurrence  of  the  aurora  at  all 
hours.  The  intense  light  of  the  sun  renders 
the  auroral  light  invisible  during  the  day. 
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I434<  Of  what  utility  are  the  auroral  appearances  in 
the  polar  regions  ? 

A.  During  the  long,  polar  night,  when  the 
sun  is  below  the  horizon,  the  aurora  appears 
with  a  magnificence  unknown  in  other  re- 
gions, and  affords  light  sufficient  for  many  of 
the  ordinary  outrdoor  employments. 


Fig.  l\ 


1485i  Why  does  a  haxe  around  the  sua  indicate  rain? 

A.  Because  the  haze  is  caused  by  vapor  in 
the  upper  regions  of  the  air. 

„  1436.  Why  is  a  halo  around  the  moon  a  sure  indica- 
tion of  rain  ? 

A.  Because  it  is  caused  by  vapor  in  the 
upper  regions  of  the  air.  The  larger  the  halo 
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the  nearer  the   rain-clouds,  and  the  sooner 
may  rain  be  expected. 

1437*  Why  do  we  feel  almost  suffocated  in  a  hot 
cloudy  night  ? 

A.  Because  the  heat  of  the  earth  cannot 
escape  into  the  upper  regions  of  the  air,  but 
is  pent  in  by  the  clouds  and  confined  to  the 
surface  of  the  earth. 

1438«  Why  do  we  feel  sprightly  in  a  clear,  bright 
night  ? 

A.  Because  the  heat  of  the  earth  can 
readily  escape  into  the  upper  regions  of  the 
air,  and  is  not  confined  and  pent  in  by  thick 
clouds. 

1439t  Why  do  we  feel  depressed  in  spirits  on  a  we\ 
murky  day  ? 

A.  1st.  Because  the  air  is  laden  with  va- 
por and  has  (proportionally)  less  oxygen ; 

2d.  The  aii^being  lighter  than  usual,  does 
not  balance  the  air  in  our  body ;  and, 

3d.  Moist  air  has  a  tendency  to  depress 
the  nervous  system. 

1440*  What  is  meant  by  the  "air  balancing  the  air  in 

our  body"  ? 

A.  The  human  body  contains  air  of  a  given 
density :  if,  therefore,  we  ascend  into  a  rarer 
air  or  descend  into  a  denser,  the  balance  is 
destroyed,  and  we  feel  oppressed. 

1441*  Why  do  we  feel  oppressed  if  the  air  aronnd  i» 
not  of  the  same  density  as  that  in  our  body  ? 

A.  Because,  if  the  air  be  more  dense  than 
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our  body,  it  will  produce  a  feeling  of  oppres- 
sion :  if  it  be  less  dense,  the  air  in  our  body 
will  produce  a  feeling  of  distension. 

8ECTI0H  L-MODEFICATIOH  OF  CLOUDS. 

1442*  Into  how  many  classes  are  the  different  sorts  of 
clouds  generally  divided  ? 

A.  Into  three  classes,  viz. :  Simple,  Inter- 
mediate, and  Compound. 

1443«  How  are  simple  clouds  subdivided  ? 

A.  Into — 1.  Cirrus;  2.  Cumulus;  and,  3. 
Stratus  clouds.   (See  Fig.  12.) 

1444*  What  sort  of  clouds  are  called  cirrus  ? 

A.  Clouds  like  fibres,  loose  hair,  or  thin 
streaks,  are  called  "cirrus  clouds." 

1445t  Why  are  these  clouds  called  cirrus  ? 

A.  From  the  Latin  word  cirrus,  a  lock  of 
hair,  or  curl.  Cirrus  clouds  are  the  most 
elevated  of  all. 

1446*  What  do  cirrus  clouds  portend? 

A.  When  the  streamers  point  upward,  the 
elouds  are  falling,  and  rain  is  at  hand ;  but 
when  the  streamers  point  downward,  drought 
may  be  expected. 

1447t  What  sort  of  clouds  are  called  cumulus  ? 

A.  Cunmlus  clouds  are  lumps,  like  great 
sugar-loaves,  volumes  of  smoke,  or  mountains 
towering  over  mountains. 
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i  I  he  nppcnnmre  of  the  cirrus,  rumnlui,  and  ■tratnl 


UJ8.  Why  arc  these  monster  musses  called  cumulus 
clouds  t 

A.  From  the  Latin  word  cumulus,  a  masa 
or  pile. 


F 
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1449*  What  do  cumulus  clouds  foreshow  ? 

A.  When  these  piles  of  cloud  are  fleecy 
and  sail  against  the  wind,  they  indicate  rain ; 
but  when  their  outline  is  very  hard,  and  they 
come  up  with  the  wind,  they  foretell  fine 
weather. 

Cumulus  clouds  should  be  smaller  toward  evening  than  they  are  at 
noon.  If  they  increase  in  size  at  sunset,  a  thunder-storm  may  be  ex- 
peeled  in  the  night. 

1450*  What  sort  of  clouds  are  called  stratus  ? 

A.  Creeping  mists,  especially  prevalent  in 
a  summer  evening :  these  clouds  rise  at  sun- 
Bet  in  low,  damp  places,  and  are  always  nearer 
the  earth  than  any  other  sort  of  cloud. 

;:.  1451*  Why  are  these  mists  called  stratus  clouds? 

-'iiA»  From  the  Latin  word  stratus,  laid  low, 
^Sthat  which  lies  low. 

1452*  What  produces  cirrus  clouds  ? 

£A.  Moisture,  in  a  visible  form,  deposited  in 
HJS  higher  regions  of  the  atmosphere  by  as- 
0Ji$mg  currents  of  heated  air. 

What  produces  cumulus  clouds  ? 

;  'Masses  of  visible  vapor  passing  from 
f  places  where  they  were  formed  to  other 
s  where  they  are  about  to  be  either  dis- 
ttihred  or  deposited  as  falling  rain. 

1454*  What  produces  stratus  clouds  ? 

A.  Beds  of  visible  moisture,  formed  by 
iome  chilling  effects  acting  along  the  direct 
iwtface  of  the  earth. 
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1455*  How  are  the  intermediate  clouds  subdivided? 

A.  Into  two  sorts: — 1.  The  Cirro-Cumu- 
lus ;  and,  2.  The  Cirro-Stratus. 

1456*  What  are  cirro-cumulus  clouds? 

A.  Cirro-cumulus  clouds  are  cirrus  clouds 
springing  from  a  massy  centre,  or  heavy 
masses  edged  with  long  streaks,  generally 
called  "mares'  tails." 

A  system  of  small  round  clouds  may  be  called  'ciiro-ewnnltas. 

1457*  What  do  cirro-cumulus  clouds  generally  fine- 
bode? 

A.  Continued  drought,  or  hot,  dry  weather. 

1458*  What  are  cirro-stratus  clouds  ? 

A.  They  compose  what  is  generally  called 
a  "mackerel  sky."  This  class  of  clouds  in- 
variably indicates  rain  and  wind :  hence  the 
proverb — 

"  Mackerels'  scales  and  mares'  tails 
Make  lofty  ships  to  carry  low  sails." 

1459*  What  produces  cirro-cumulus  clouds? 

A.  Cumulus  clouds  dissolving  away  into 
cirrus  produce  the  intermediate  class,  called 
cirro-cumulus. 

1460*  What  produces  cirro-stratus  clouds  ? 

A.  Cirrus  clouds  accumulating  into  denser 
u       3s  produce  the  intermediate  class,  called 
tratus. 

How  are  compound  clouds  subdivided  ? 

sound  clouds  are  also  subdivided 
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into   two   sorts: — 1.    The   Cumulo-Stratus ; 
and,  2.  The  Nimbus  clouds. 


Cirro-atratna,  b,  c,  d ;  cirro-cumulus,  a;  uirobue,  tj  cumulo-alralue,/. 

1462i  What  is  meant  by  eumulo- stratus  clouds? 
A.  Those  clouds  which  assume  all  sorts  of 
gigantic  forms, — such   as  vast  towers   and 
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rocks,  huge  whales  and  dragons,  scenes  of 
battle,  and  cloudy  giants.  This  class  of 
clouds  is  the  most  romantic  and  strange  of 
all. 

146S*  What  do  the  cumulo-stratus  clouds  foretell  ? 

A.  A  change  of  weather,— either  from  fine 
weather  to  rain,  or  from  rain  to  fine  weather 

1484*  What  are  nimbus  clouds  ? 

A.  All  clouds  from  which  rain  falls.  Nim- 
bus is  the  Latin  word  for  "clouds  which  bring 
a  storm."  (See  Fig.  13.) 

1465*  By  what  particular  character  may  the  nimbus 
•r  rain  cloud  be  at  once  distinguished  ? 

A.  By  the  want  of  a  defined  outline :  its 
edge  is  gradually  shaded  off  from  the  deep 
gray  mass  into  transparency. 

1466*  What  appearance  takes  place  in  the  clouds  a' 
the  approach  of  rain  ? 

A.  The  cumulus  cloud  becomes  stationary, 
and  cirrus-streaks  settle  upon  jt,  forming  cu- 
mulo-stratus clouds,  black  at  first,  but  after- 
ward of  a  gray  color. 

1467*  Why  do  clouds  gather  around  mountain-tops? 

A.  Because  the  air,  being  chilled  by  the 
cold  mountain-tops,  deposits  its  vapor  there 
in  a  visible  form  or  cloud. 
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SECTION  II.— DEW. 
1468.  What  is  dew? 

A.  Dew  is  the  vapor  of  the  air  condensed 
by  coming  in  contact  with  bodies  colder  than 
itself. 

14(9*  Why  is  the  ground  sometimes  covered  with 
dew? 

A.  Because  the  surface  of  the  earth  at  sun- 
set is  made  so  very  cold  by  radiation  that  the 
warm  vapor  of  the  air  is  chilled  by  contact 
and  condensed  into  dew. 

1470*  What  is  the  difference  between  dew  and  rain  ? 

A.  In  dew  the  condensation  is  made  near 
the  earth's  surface.   % 

In  rain  the  drops  fall  from  a  considerable 
height. 

1471*  What  is  the  cause  of  both  dew  and  rain  ? 

A.  Cold  condensing  the  vapor  of  the  air 
when  near  the  point  of  saturation. 

1472*  Why  do  mist  and  fog  vanish  at  sunrise  ? 

A.  Because  the  condensed  particles  are 
again  changed  into  invisible  vapor  by  the 
heat  of  the  sun. 

1473*  Why  is  the  earth  made  colder  than  the  air  after 
the  sun  has  set  ? 

A.  Because  the  earth  radiates  heat  very 
freely,  but  the  air  does  not ;  in  consequence 
:tf  which,  the  earth  is  often  five  or  ten  degrees 


:er  than  the  air  after  sunset,  although  it 
i  much  warmer  than  the  air  during  the 
)Ie  day. 

i  Why  is  the  earth  warmer  than  the  air  daring 
the  uay  ? 

A.  Because  the  earth  absorbs  solar  heat 
very  freely,  but  the  air  does  not ;  in  conse- 
quence of  which,  it  ia  ften  many  degrees 
warmer  than  the  air  (        ig  the  day. 


A.  Because  on  n.  f  lear  starlight  night 

heat  radiates  f  >       th  freely  and  is  lost 

in  open  space,  but  on  a  aull  night  the  clouds 
arrest  the  process  of  radiation. 

1476>  Why  is  dew  deposited  only  on  a  fine,  clear 

A.  Because  the  surface  of  the  ground  ra- 
diates heat  most  freely  on  a  fine  night,  and, 
being  cooled  down  by  this  loss  of  heat,  chills 
the  vapor  of  the  air  into  dew. 

1177*  Why  doea  abundance  of  dew  in  the  morning 
indicate  that  the  day  will  be  floe  ? 

A.  Because  dew  is  never  deposited  in  dull, 
cloudy  weather,  but  only  in  very  clear,  calm 
nights,  when  the  cold  currents  of  air  are  not 
mixed  with  those  of  a  warmer  temperature. 

1178.  Why  is  there  no  dew  on  a  doll,  cloudy  night  ? 

K.  Because  the  clouds  arrest  the  radiation 
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uf  lieat  from  the  earth ;  and,  as  the  heat  can- 
not freely  escape,  the  surface  is  not  suffi- 
ciently cooled  down  to  chill  the  vapor  of  the 
air  into  dew. 

1479*  Why  is  a  cloudy  night  warmer  than  a  fine  one? 

A.  Because  the  clouds  prevent  the  radia- 
tion of  heat  from  the  earth ;  in  consequence 
of  which,  the  surface  of  the  earth  remains 
warmer. 

1480*  Why  is  dew  most  abundant  in  situations  most 
exposed  ? 

A.  Because  the  radiation  of  heat  is  not  ar- 
rested by  houses,  trees,  hedges,  or  any  other 
thing. 

1481*  Why  is  there  scarcely  any  dew  under  trees  or 
shrubbery  ? 

A.  1st.  Because  the  thick  foliage  of  trees 
or  shrubbery  arrests  the  radiation  of  heat 
from  the  earth ;  and, 

2d.  Foliage  radiates  some  of  its  own  heat 
toward  the  earth ;  in  consequence  of  which, 
the  ground  underneath  a  tree  or  bush  is  not 
sufficiently  cooled  down  to  chill  the  vapor  of 
the  air  into  dew. 

1482*  Dust  very  rarely  flies  by  night :  why  is  this  ? 

A.  1st.  Because  the  dews  of  night  moisten 
the  dust  and  prevent  its  rising  into  the  air ; 
and,    . 

2d.  As  the  surface  of  the  earth  is  colder 
than  the  air  after  sunset,  the  current  of  ths 
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wind  will  incline  downward,  and  tend  rather 
to  press  the  dust  down  than  to  buoy  it  up. 

1183.  Why  ia  there  no  dew  in  the  morning  after  a 
windy  night? 

A.  1st.  Because  the  wind  evaporates  the 
moisture  as  fast  as  it  is  deposited;  and, 

2d.  It  disturbs  the  radiation  of  heat,  and 
thus  diminishes  the  d         '  Ion  of  dew. 

1184.  Why  are  valleys  ami  hollows  often  thickly  co- 
vered with  dew,  although  they  arc  sheltered  ? 

A.  Because  the  surrounding  lulls  prevent 
the  repose  of  air  from  being  disturbed,  but  do 
not  overhang  and  screen  the  valleys  suffi- 
ciently to  arrest  their  radiation. 

;  abundantly  on   gome 

A.  Because  some  things  radiate  heat  more 
freely  than  others,  and  therefore  become 
much  cooler  in  the  night. 

1IH8.  Why  are  things  which  radiate  heat  most  freely 
always  the  most  thickly  covered  with  dew  ? 

A.  Because  the  vapor  of  the  air  is  chilled 
into  dew  the  moment  it  comes  in  contact 
with  them. 

1487.  What  kind  of  things  radiate  heat  most  freely? 

A.  Grass,  wood,  and  the  leaves  of  plants 
radiate  heat  very  freely;  but  polished  metal, 
smooth  stones,  and  woollen  cloth  part  with 
their  heat  very  tardily. 
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1488*  Do  the  leaves  of  all  plants  radiate  heat  equally 
well? 

A.  No :  rough,  woolly  leaves,  like  those  of 
a  hollyhock,  radiate  heat  much  more  freely 
than  the  hard,  smooth,  polished  leaves  of  a 
common  laurel. 

1489*  Show  the  wisdom  of  God  in  making  grass,  the 
leaves  of  trees,  and  all  vegetables,  excellent  radiators  of 
heat. 

A.  As  vegetables  require  much  moisture, 
and  would  often  perish  without  a  plentiful 
deposit  of  dew,  He  wisely  made  them  to  ra- 
diate heat  freely,  so  as  to  chill  the  vapor 
which  touches  them  into  dew. 

1490*  Will  polished  metal,  smooth  stones,  and  wool- 
len cloth  readily  collect  dew  ? 

A.  No :  while  grass  and  leaves  of  plants 
are  completely  drenched  with  dew,  a  piece 
of  polished  metal  or  woollen  cloth  lying  on 
the  same  spot  will  be  almost  dry. 

1491*  Why  would  polished  metal  and  woollen  cloth 
be  dry  while  grass  and  leaves  are  drenched  with  dew  ? 

A.  Because  the  polished  metal  and  wool- 
len cloth  part  with  their  heat  so  slowly  that 
the  vapor  of  the  air  is  not  chilled  into  dew 
as  it  passes  over  them. 

1492*  Why  is  a  gravel- walk  almost  dry  when  a  grass * 
plat  is  covered  thickly  with  dew  ? 

A.  Because  grass  is  a  good  radiator,  and 
throws  off  its  heat  very  freely ;  but  gravel  is 
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a  very  bad  radiator,  and  parts  with  its  heal 
very  slowly. 

1493*  Is  that  the  reason  why  the  grass  is  saturated 
with  dew  and  the  grarol  is  not  ? 

A.  Yea.  When  the  vapor  of  warm  air 
comes  in  contact  with  the  cold  grass,  it  is  in- 
stantly chilled  into  dew;  but  it  is  not  so  freely 
condensed  as  it  es  over  gravel,  because 

gravel  is  not  so  cold  as  the  grass. 

A.  Because  rocks  and  barren  lauds  are  so 
compact  and  hard  that  they  can  neither  absorb 
nor  radiate  much  heat;  and,  as  their  tempe- 
rature varies  but  slightly,  very  little  dew  dis- 
tils upon  them. 

i  cntti- 

A.  Because  cultivated  soils,  being  loose 
and  porous,  very  freely  radiate  by  night  the 
heat  which  they  absorbed  by  day ;  in  conse- 
quence of  which,  they  are  much  cooled  down, 
and  plentifully  condense  the  vapor  of  the  pass- 
ing air  into  dew. 

1496.  Show  the  wisdom  of  God  in  this  arrangement. 

A.    Every  plant  and  inch  of  land  which 

the  moisture  of  dew  is  adapted  to  col- 

:  but  not  a  single  drop  is  wasted  where 

ashing  moisture  is  not  required. 
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1497*  Show  the  wisdom  in  having  polished  metal  and 
woolen  eloth  had  radiators  of  heat. 

A.  If  polished  metal  collected  dew  as  easily 
as  grass,  it  could  never  be  kept  dry  and  free 
from  rust.  Again,  if  woollen  garments  col- 
lected dew  as  readily  as  the  leaves  of  trees, 
we  should  be  often  soaking  wet,  and  subject 
to  constant  colds. 

1498*  Show  how  this  affords  a  beautiful  illustration 
of  Gideon's  miracle,  recorded  in  Judges  vi.  37,  38. 

A.  The  fleece  of  wool,  which  is  a  very  bad 
radiator  of  heat,  was  soaking  wet  with  dew 
when  the  grass,  which  is  a  most  excellent 
radiator,  was  quite  dry. 

1499*  Was  this  not  contrary  to  the  laws  of  nature? 

A.  Yes,  and  it  was,  therefore,  a  plain  de- 
monstration of  the  power  of  God,  who  could 
thus  change  the  very  nature  of  things  at  his 
will. 

1509*  Why  do  our  clothes  feel  damp  after  walking  in 
a  fine  evening  in  spring  or  autumn  ? 

A.  Because  the  vapor  condensed  by  the 
cold  earth  rests  upon  them  like  dew. 

1501*  When  is  dew  most  copiously  distilled  ? 

A.  After  a  hot  day  in  summer  or  autumn, 
— especially  if  the  wind  blow  over  a  body  of 
water. 

1502*  Why  is  dew  distilled  most  copiously  after  a  hot 
day? 

A.  Because  the  surface  of  the  hot  earth 
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radiates  heat  very  freely  at  sunset,  and,  being 
made  much  colder  than  the  air,  chills  the 
passing  vapor  and  condenses  it  into  dew. 

1503*  Why  is  there  less  dew  when  the  wind  blows 
across  the  land  than  when  it  blows  over  a  body  of  water  ? 

A.  Because  the  winds  which  blow  across 
the  land  are  dry  and  arid,  but  those  which 
cross  the  water  are  moist  and  full  of  vapor. 

1504*  How  does  the  dryness  of  the  wind  prevent  the 
fall  of  dew  ? 

A.  As  winds  which  blow  over  the  land 
are  very  dry,  they  imbibe  the  moisture  of 
the  air;  in  consequence  of  which,  there  is 
very  little  left  to  be  condensed  into  dew. 

1505*  How  does  the  moisture  of  the  wind  promote 
the  fall  of  dew  ? 

A.  As  winds  which  blow  over  water  are 
saturated  with  vapor,  they  require  very  little 
reduction  of  heat  to  cause  a  copious  deposition 
of  dew. 

1506*  Does  not  air  radiate  heat;  as  well  as  the  earth 
and  its  various  plants  ? 

A.  No :  the  air  never  radiates  heat ;  nor 
is  the  air  made  hot  by  the  rays  of  the  sun. 

1507*  Why  will  dew-drops  roll  about  cabbage-plants, 
yoppies,  &c.  without  wetting  the  surface  ? 

A.  Because  the  leaves  of  cabbages  and 
poppies  are  covered  with  a  very  fine  waxen 
powder,  over  which  the  dew-drop  rolls  with- 
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out  wetting  the  surface,  as  a  drop   of  rain 
would  over  dust. 

1508*  Why  does  not  a  drop  of  rain  wet  ;jie  dust  over 
which  it  rolls '( 

A.  Because  dust  has  no  affinity  ior  water, 
and  therefore  repels  it. 

1509*  Why  does  not  the  dew-drop  wet  the  powder  of 
the  cabbage-plant  ? 

A.  Because  the  fine  powder  wiiioh  covers 
the  cabbage-leaves  has  no  affinity  for  water, 
and  therefore  repels  it. 

1510*  Why  will  dew-drops  roll  over  a  rose,  &c.  with- 
out wetting  the  petals  ? 

A.  Because  the  leaves  of  a  rose  contain 
an  essential  oil,  which  has  no  affinity  for 
water,  and  therefore  repels  it. 

1511*  Why  can  swans  and  ducks  dive  under  water 
without  being  wetted  ? 

A.  Because  their  feathers  are  covered  with 
an  oily  secretion,  which  has  no  affinity  for 
water,  and  therefore  repels  it. 

SECTION  m-RATtf,  SHOW,  HAIL. 
1512.  What  is  rain  ? 

A.  Rain  is  the  vapor  of  the  clouds  or  air, 
condensed  and  precipitated  to  the  larth. 

1513*  Does  rain-water  possess  any  fertilizing  properties 
besides  that  of  mere  moisture  ? 

A.  Yes :  rain-water  contains  an  abundance 
of  carbonic  acid,  and  a  small  quantity  of  am- 


hich  much  of  its  fertilizing  power 
aj  oe         ibuted. 

i>  a  compound    uf  nitrogen    and   hydrogen.     Common 

la  what  part  of  the  worlJ  does  rain   fall  most 

. ly? 

A.  Near  the  equator ;  and  the  quantity  of 
r%:n  decreases  as  we  approach  the  poles. 

I',  should   be  observed  that  II  fewer  rainy  days,  although 

mora  ruin  actually  fulls  during  Sanson  of  the  equator  tht, 

fulli  in  twelve  mouths  at  »uy  oth=,  ,, i  the  globe. 

1515.  Why  does  rain  fall  in  drops  F 

A.  Because  the  vapory  particles  in  then 
descent  attract  each  other,  and  those  which. 
are  sufficiently  near  unite  and  form  into  drops. 

1516i  Why  does  not  the  cold  of  night  always  cam* 

A.  Because  the  air  is  not  always  near 
saturation;  and,  unless  this  be  the  case,  it 
will  be  able  to  hold  its  vapor  in  solution  even 
after  it  is  condensed  by  the  chilly  night. 

1517.  Why  does  a  passing  cloud  often  drop  rain? 

A.  Because  the  cloud,  blown  by  the  wind, 
encounters  a  current  of  cold  air,  which  con- 
denses its  vapor  and  causes  it  to  fall  to  the 
earth  in  vain. 

\9,  Why  are  rain-drops  sometimes  n.uuh  larger  thai. 

Because  the  rain-cloud  is  floating  nearer 
arth :  when  this  is  the  case,  the  drop 
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are  large,  because  such  a  cloud  is  much  more 
dense  than  one  more  elevated. 

The  sixe  of  the  rain-drop  is  also  increased  according  to  the  rapidity 
with  which  the  vapors  are  condensed. 

1519*  Does  not  wind  sometimes  incrca&e  the  size  of 
rain-drops  ? 

A.  Yes, — by  blowing  two  or  more  drops 
into  one. 

1520*  Why  do  clouds  fall  in  rainy  weather  ?4 

A.  1st.  Because  they  are  heavy  with  abun- 
dant vapor ;  and, 

2d.  The  density  of  the  air  being  diminished, 
it  is  less  able  to  buoy  the  clouds  up. 

1521*  How  do  you  know  that  the  density  of  the  air 
is  diminished  in  rainy  weather  ? 

A.  Because  the  mercury  of  a  barometer  falls. 

1522*  Why  is  rain-water  more  fertilizing  than  pump- 
water? 

A.  1st.  Because  it  contains  more  carbonic 
acid;  and, 

2d.  It  contains  also  a  small  quantity  of 
ammonia,  with  which  it  supplies  the  young 
plants. 

152S*  Why  does  rain  purify  the  air? 

A.  1st.  Because  it  beats  down  the  noxious 
exhalations  collected  in  the  air,  and  dissolves 
them; 

2d.  It  mixes  the  air  of  the  upper  regions 
with  that  of  the  lower  regions ;  and, 

3d.  It  washes  the  earth,  and  sets  in  motion 
the  stagnant  contents  of  sewers  and  ditches. 
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1524.  Why  are  mountainous  countries  more  raiuj 
tnan  flat  ones  ? 

A.  Because  the  air,  striking  against  the 
sides  of  the  mountains,  is  carried  up  the  in- 
clined plane,  and  brought  in  contact  with  the 
cold  air  of  the  higher  regions ;  in  consequence 
of  which,  its  vapor  is  condensed  and  depo- 
sited in  rain. 

1525.  Why  does  a  sponge  swell  when  it  ia  wetted  ? 
A.  Because  the  water  penetrates  the  pores 

of  the  sponge  by  capillary  attraction,  and 
drives  the  particles  farther  from  each  other ; 
in  consequence  of  which,  the  bulk  of  the 
sponge  is  greatly  increased. 

1526.  Why  do  viol  in -strings  snap  in  wet  weather? 

A.  Because  the  moisture  of  the  air,  pene- 
trating the  string,  causes  it  to  swell,  and  as 
the  cord  thickens,  its  tension  is  increased,  and 
the  string  snaps. 

1527.  Why  does  paper  pucker  when  it  is  dampened! 

A.  Because  the  moisture,  penetrating  the 
paper,  drives  its  particles  farther  apart;  and, 
as  the  moisture  is  absorbed  unequally  by  the 
paper,  some  parts  are  more  enlarged  than 
others ;  in  consequence  of  which,  the  paper 
blisters  or  puckers. 

1528.  In  which  part  of  the  day  does  the  most  rain  fall? 
A.  More  rain  falls  by  night  than  by  day; 

because  the  cold  night  condenses  the  air  and 
diminishes  its  capacity  for  holding  vapor  in 
solution. 


w 


RAIN,  SNOW,  HAIL.  327 

1529*  What  beneficial  effect  has   rain   upon   fallen 
leaves? 

A.  It  hastens  the  putrefaction  of  the  fallen 
leaves ;  and  this  makes  the  earth  fertile. 

1530«  Why  do  swallows  fly  low  when  rain  is  at  hand  ? 

A.  Because  the  insects  of  which  they  are 
in  pursuit  have  fled  from  the  cold,  upper  re- 
gions of  the  air  to  the  warm  air  near  the 
earth ;  and,  as  their  food  is  low,  the  swallows 
fly  low. 

1531*  Why  do  these  insects  seek  the  lower  regions 
of  the  air  in  wet  weather  more  than  in  fine  weather  ? 

A.  Because  in  wet  weather  the  upper  re- 
gions of  the  air  are  colder  than  the  lower; 
and,  as  insects  enjoy  warmth,  they  seek  it 
near  the  earth. 

1532«  Why  do  sea-gulls  fly  about  the  sea  in  fine 
weather  ? 

A.  Because  they  live  upon  the  fishes  which 
are  found  near  the  surface  of  the  sea  in  fine 
weather. 

1533*  Why  may  we  expect  stormy  rains  when  sea- 
gulls assemble  on  the  land  ? 

A.  Because  the  fishes  on  which  they  live 
leave  the  surface  ot  the  sea  in  stormy  weather, 
and  are  beyond  the  reach  of  the  sea-gulls ;  in 
corisjequence  of  which,  they  are  obliged  to 
feed  on  the  worms  and  larvse  which  are  driven 
out  of  the  ground  at  such  times. 

"Larva,"  little  grubs  and  caterpillars. 


Why    do    petrels    fly  to   the    sea    daring    a 

A.  Because  they  live  upon  sea-insects, 
which  are  always  to  be  found  in  abundance 
about  the  spray  of  swelling  waves. 

retrela  are  birda  of  the  duck-kind,  which  11yd  in  the  open  sea. 
They  run  on  the  tap  of  the  waves,  and  are  nailed  Petrels— or  rather 
retire]!— from  "St.  Peter,"  in  allusion  to  hia  walking  on  tha  sea  to 

1535.  What  in  snow? 

A.  The  condensed  vapor  of  the  air  frozen 
and  precipitated  to  the  earth. 

1530.  What  is  the  cause  of  snow  ? 

A.  When  the  air  is  nearly  saturated  with 
vapor,  and  condensed  by  a  current  of  air 
below  the  freezing-point,  some  of  the  vapor 
is  condensed,  and  frozen  into  snow. 

A  few  yearn  ago,  some  fishermen  who  wintered  at  Hofa  Zomhla, 
after  they  had  been  shut  Dp  in  a  hut  for  several  days,  opened  th» 
window,  and  the  cold  external  air,  rushing  in,  instantly  condensed 
the  air  of  the  hat,  and   its  vapor  fell    on  the  floor  in  a  shower  of 

1587.  Why  docs  snow  fall  in  winter-time? 

A.  Because  the  sun's  rays  are  too  oblique 
to  heat  the  surface  of  the  earth ;  and,  as  the 
earth  has  no  heat  to  radiate  into  the  air,  the 
air  is  very  cold. 

1538.  What  is  the  cause  of  sleet? 

A.  When  flakes  of  enow  in  their  descent 
pass  through  a  stratum  of  air  above  the 
freezing-point,  they  partially  melt,  and  fall 
to  the  earth  as  half-melted  snow,  or  sleet. 

153..  What  is  the  use  of  snow  ? 
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A.  To  keep  the  earth  warm,  and  to 
nourish  it. 

1540«  Does  snow  keep  the  earth  warm? 

A.  Yes, — because  it  is  a  very  bad  conduc- 
tor of  heat ;  in  consequence  of  which,  when 
the  earth  is  covered  with  snow,  its  temperature 
very  rarely  descends  below  the  freezing-point, 
even  when  the  air  is  fifteen  or  twenty  de- 
grees colder. 

1541*  Why  is  snow  a  bad  conductor  of  heat  and 
cold  ? 

A.  Because  air  is  confined  among  the  crys- 
tals ;  and  air  is  a  very  bad  conductor :  when, 
therefore,  the  earth  is  covered  with  snow,  it 
cannot  throw  off  its  heat  by  radiation. 

1542*  Tell  me  the  words  of  the  Psalmist  (cxlyii.  16) 
respecting  snow,  and  explain  what  he  means. 

A.  The  Psalmist  says,  "  The  Lord  giveth 
snow  like  wool  j"  and  he  means,  not  only  that 
snow  is  as  white  as  wool,  but  that  it  is  also  as 
warm  as  wool. 

1543*  Why  is  wool  warm? 

A.  Because  air  is  among  the  fibres  of  the 
wool;  and  air  is  a  very  bad  conductor  of 
heat. 

1544*  Why  does  snow  nourish  the  earth  ? 

A.  Because  it  supplies  moisture  containing 
carbonic  acid,  which  penetrates  slowly  into 
the  soil  and  insinuates  itself  through  every 
clod,  ridge,  and  furrow. 
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15  45.  Why  is  there  no  snow  in  summer-time  ? 

A.  Because  the  heat  of  the  earth  melts  it 
in  its  descent,  and  prevents  it  from  reaching 
the  surface  of  the  earth. 

1548.  Why  arc  some  mountains  always  covered  with 
snow?  • 

A.  1st.  Because  the  air  on  a  high  mountain 
is  more  rarefied ;  and  rarefied  air  retains  much 
heat  in  a  latent  state  ;  and, 

2d.  Mountain-tops  are  not  surrounded  by 
earth,  to  radiate  heat  into  the  air ;  and  there- 
fore the  snow  is  not  melted  in  its  descent,  hut 
falls  on  the  mountain  and  He3  there. 

1547.  Why  is  enow  white? 

A.  Because  it  is  formed  of  an  infinite 
number  of  very  minute  crystals  and  prisms, 
which  reflect  all  the  colors  of  the  rays  of 
light  from  different  points  ;  and  these  colors, 
uniting  before  they  meet  the  eye,  cause  snow 
to  appear  white. 

The  «ame  answer  applies  to  Bait,  loaf-angar,  Ac 

1318.  What  is  hail? 

A.  Rain  which  has  passed  in  its  descent 
through  some  cold  stratum  of  air  and  has 
been  frozen  into  drops  of  ice. 

1549.  What  makes  one  stratum  of  air  colder  than 
another  ? 

A.  It  is  frequently  caused  by  electricity 
unequally  distributed  in  the  air. 
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1550*  Why  is  hail  frequently  accompanied  by 
thunder  and  lightning  ? 

A.  1st.  Because  the  congelation  of  water 
into  hail  disturbs  the  electricity  of  the  air ; 
and, 

2d.  The  friction  produced  by  the  fall  of 
hail  excites  it  still  more. 

1551«  Why  does  hail  fall  generally  in  summer  and 
autumn  ? 

A.  1st.  Because  the  air  is  more  highly 
electrified  in  summer  and  autumn  than  in 
winter  and  spring ;  and, 

2d.  The  vapors  in  summer  and  autumn, 
being  rarefied,  ascend  to  more  elevated  re- 
gions, which  are  colder  than  those  nearer  the 
earth. 

1552«  What  things  are  essential  to  cause  hail? 

A.  Two  strata  of  clouds  having  opposite 
electricities,  and  two  currents  of  wind.  The 
lower  cloud,  being  negative,  is  the  one  pre- 
cipitated in  hail. 

1553*  When  is  the  vapor  of  the  air  or  clouds  pre- 
cipitated in  hail,  rain,  or  snow? 

A.  When  the  air  is  saturated  with  vapor 
and  a  cold  current  condenses  it :  it  is  then 
no  longer  able  to  hold  all  its  vapor  in  solu- 
tion, and  some  of  it  falls  as  ran 


CLOUDS. 
3E0TIOK  IV.-MIST,  T08,  FEOST. 
!,      r'hct  is  the  cause  of  mist  ? 

C:  'rents  of  air  from  the  water  coming 
t  with  colder  land-currents. 

lft&ftt  VY'hy  are  the  currents  of  air  from  the  land 
:older  than  those  blowing  over  water '! 

A.  Because  the  earth  radiates  heat  after 
Buuset  morefr-"'"  *n  ater;  consequently, 

the  air  which  ...  ntact  with  the  land 

is  colder  than  t  h  comes  in  contact 

with  the  water. 

1556.  Why  are  wine  len  covered  with  thick 
mist,  and  the  frames  wet  anding  water? 

A.    Because        t  erature  of  the    ex- 

ternal air  usu       r  t  sunset,  and  chills 

the  window-glass         u    -vhich  it   comes    in 
contact. 

1557.  How  does  thia  account  for  the  mist  and  water 
on  a  window  ? 

A.  As  the  warm  vapor  of  the  room  touches 
the  cold  glass,  it  is  chilled  and  condensed  into 
mist,  and  the  mist,  collecting  into  drops,  rolls 
down  the  window-frame  in  little  streams  of 
water. 

1558.  Does  the  glass  of  a  window  cool  down  more 
rapidly  than  the  air  of  the  room  itself? 

A.  Yes;  because  the  air  is  kept  warm  by 
fires,  and  by  the  animal  heat  of  the  people 
in  the  room ;  in  consequence  of  which,  the 
air  of  a  room  suffers  very  little  diminution 
of  heat  from  the  setting  of  the  sun. 
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1559*  Whence  arises  the  vapor  of  a  room  ? 

A.  1st.  The  very  air  of  the  room  contains 
vapor; 

2d.  The  breath  and  insensible  perspiration 
of  the  inmates  increase  this  vapor ;  and, 

3d.  The  steam  of  food  increases  it  still 
more. 

1560«  What  is  meant  by  "  the  insensible  perspiration"  ? 

A.  From  every  part  of  the  human  body  an 
insensible  and  invisible  perspiration  issues  all 
night  and  day,  not  only  in  the  hot  weather 
of  summer,  but  also  in  the  coldest  day  of 
winter. 

.  1561*  If  the  perspiration  be  both  insensible  and  in- 
visible, how  is  it  known  that  there  is  any  such  perspira- 
tion? 

A.  If  you  put  your  naked  arm  into  a  clean, 
dry  glass  tube,  the  perspiration  will  condense 
on  the  glass  like  mist. 

1562«  Why  are  carriage-windows  very  soon  covered 
with  thick  mist  f 

A.  Because  the  warm  vapor  of  the  carriage 
is  condensed  by  the  cold  glass,  and  covers  it 
with  a  thick  mist. 

1563*  Why  is  the  glass  window  cold  enough  to  con* 
dense  the  vapor  of  the  carriage  ? 

A.  Because  the  inside  of  a  carriage  is  much 
wanner  than  the  outside;  and  the  glass 
window  is  made  cold  by  contact  with  the 
external  air. 


I.  Where  doe3  the  warm  vapor  of  the  carriags 
aomt 
a..  The  warm  breath  and  insensible  per- 
ration  of  the  persons  riding  load  the  air 
.  the  carriage  with  warm  vapor. 
1565.  What  is  the  cause  of  the  pretty  frost-work  Been 
an  bedroom -windows  in  winter- time  7 

A.  The  breat1 -1  : — ensible  perspiration 

of  the  sleeper,  v-  i  contact  with  the 

ice-cold  window  n  by  the  rold  glass, 

and  form  those  ippearances  seen  in 

our  bedrooms  or  a  wi..       morning. 

window  colder  than  the 

A.  Because  glas  excellent  a  radiator 

that  it  parts  with  ;  more  rapidly  than 

the  walls  do. 

1567.  Why  is  a  tumbler  of  cold  water  made  quite 
dull  with  mist  when  brought  into  a  room  full  of  people  ? 

A.  Because  the  hot  vapor  of  the  room  is 
condensed  upon  the  cold  tumbler,  with  which 
it  comes  in  contact,  and  its  invisible  and  gase- 
nus  form  is  changed  into  that  of  a  thick  mist. 

1568.  Why  is  a  glass  made  quite  dull  by  laying  a 
Vot  hand  upon  it  ? 

A.  Because  the  insensible  perspiration  of 
the  hot  hand  is  condensed  upon  the  cold 
glass,  and  made  perceptible. 


A.  Because  the  glass  becomes  of  the  same 
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temperature  as  the  air  of  the  room,  an  t  will 
no  longer  chill  the  vapor  which  toucnes  it, 
and  condense  it  into  mist. 

1570«  Why  does  breathing  on  a  glass  make  it  quite 
dull? 

A.  Because  the  hot  breath  is  condensed 
by  the  cold  glass,  and  therefore  covers  it  with 
a  thick  mist. 

157 It  Why  are  the  walk  of  a  house  often  damp  in  a 
sudden  thaw? 

A.  Because  the  walls,  being  thick,  cannot 
change  their  temperature  so  fast  as  the  air ; 
in  consequence  of  which,  they  retain  their 
coldness  after  the  thaw  has  set  in. 

1572«  How  does  "  retaining  their  coldness"  account 
for  their  being  so  damp  ? 

A.  As  the  vapor  of  the  warm  air  touches 
the  cold  walls,  it  is  chilled  and  condensed 
into  water,  which  either  adheres  to  the  walls 
or  tricklea  down  in  little  streams. 

1573*  Why  are  balusters,  &c.  damp  after  a  tha  w  ? 

A.  Because  they  are  made  of  some  very 
close-grained  varnished  wood,  which  cannot 
change  its  temperature  so  fast  as  the  air. 

1574§  How  does  this  account  for  the  balusters  being 
damp? 

A.  The  vapor  of  the  warm  air,  coming  in 
contact  with  the  cold  balusters,  is  chilled  and 
condensed  into  water  upon  them. 


836  clouds. 

1575*  Why  is  our  breath  visible  in  winter  and  not  in 
summer  ? 

A.  Because  the  intense  cold  condenses  our 
breath  into  visible  vapor;  but  in  summer  the 
air  is  not  cold  enough  to  do  so. 

1 5  7b.  Why  are  our  hair  and  the  brim  of  our  hat 
ftften  covered  with  little  drops  of  pearly  dew  in  winter- 
time? 

A.  Because  our  breath  is  condensed  as 
Boon  as  it  comes  in  contact  with  our  cold  hair 
or  hat,  and  hangs  there  in  little  dew-drops. 

1577.  What  is  fog? 

A.  Fog  is  only  very  thick  mist. 

1578.  What  is  the  cause  of  fog? 

A.  If  the  night  has  been  very  calm,  the 
radiation  of  heat  from  the  earth  has  been 
very  abundant ;  in  consequence  of  which,  the 
air  resting  on  the  earth  has  been  chilled^ 
and  its  vapor  condensed  into  a  thick  mist. 

1579.  Why  does  not  the  mist  become  dew  ? 

A.  Because  the  chill  of  the  air  is  so  rapid 
that  vapor  is  condensed  faster  than  it  can  be 
deposited,  and,  covering  the  earth  in  a  mist, 
prevents  any  further  radiation  of  heat  from 
the  earth. 

1580.  When   the   earth  can  no  longer  radiate  heat 

upwards,  does  it  continue  to  condense  the  vapor  of  the 

air? 

A.  No :  the  air  in  contact  with  the  earth 
becomes  about  equal  in  temperature  with  the 
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surface  of  the  earth  itself;  for  which  reason 
the  mist  is  not  condensed  into  dew,  but  re- 
mains floating  above  the  earth  as  a  thick 
cloud. 

1581*  This  mist  seems  to  rise  higher  and  higher,  and 
yet  remains  quite  as  dense  below  as  at  first.  Explain 
this. 

A.  The  air  resting  on  the  earth  is  first 
chilled,  and  chills  the  air  resting  on  it ;  the 
air  which  touches  this  new  layer  of  mist  be- 
ing also  condensed,  layer  is  added  to  layer ; 
and  thus  the  mist  seems  to  be  rising,  when 
in  fact  it  is  only  deepening. 

1582t  Why  do  mist  and  dew  vanish  as  the  sun  rifles? 

A.  Because  the  air  becomes  warmer  at 
sunrise,  and  absorbs  the  vapor. 

1583*  What  is  the  cause  of  a  London  fog '( 

A.  These  fogs  fwhich  occur  generally  in 
the  winter-time)  are  occasioned  thus  : — Some 
current  of  air,  being  suddenly  cooled,  de- 
scends into  the  warm  streets,  forcing  back 
the  smoke  in  a  mass  towards  the  earth. 

1584*  Why  are  there  not  fogs  every  night  ? 

A.  Because  the  air  will  always  hold  in 
solution  a  certain  quantity  of  vapor,  (which 
varies  according  to  its  temperature;)  and 
when  the  air  is  not  saturated,  it  may  ba 
cooled  without  parting  with  its  vapor. 

29 
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I585#  When  do  fogs  occur  at  night? 

A.  When  the  air  is  saturated  with  Vapor 
during  the  day.  When  this  is  the  case,  it 
deposits  some  of  its  superabundant  moisture 
in  the  form  of  dew  or  fog  as  soon  as  its 
capacity  for  holding  vapor  is  lessened  by  the 
cold  night. 

1586t  Why  is  there  very  often  a  fog  over  marshes 
and  rivers  at  night-time  ? 

A.  Because  the  air  of  marshes  is  almost 
always  near  saturation;  and  therefore  the 
least  depression  of  temperature  will  compel 
it  to  relinquish  some  of  its  moisture  in  the 
form  of  dew  or  fog. 

1587t  Why  does  vapor  sometimes  form  into  clouds, 
and  sometimes  rest  upon  the  earth  as  mist  or  fog  ? 

A.  This  depends  on  the  temperature  of 
the  air.  When  the  surface  of  the  earth  is 
warmer  than  the  air,  the  vapor  of  the  earth, 
being  condensed  by  the*  chill  air,  becomes 
mist  or  fog;  but  when  the  air  is  warmer 
than  the  earth,  the  vapor  rises  through  the 
air,  and  becomes  cloud. 

1588.  Why  do  hills,  &c.  appear  larger  in  a  fog  ? 

A.  Because  the  air  is  laden  with  vapor, 
which  causes  the  rays  of  light  to  diverge 
more ;  in  consequence  of  which,  they  produce 
on  the  eye  larger  images  of  objects. 

1589.  Why  do  trees,  &c.  in  a  fog  appear  farther  off 
than  they  really  are  ? 

A.  Because  the  fog  or  mist  diminishes  the 
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light  reflected  from  the  object;  and  as  the 
object  becomes  more  dim,  it  seems  to  be 
farther  off. 

Dr.  Kane,  the  great  Arctic  navigator,  says,  "The  effects  of  fogs 
mpon  our  estimation  of  dimension  and  distance  are  well  known  :  men 
are  magnified  to  giants,  and  brigs  'loom  up/  as  the  sailors  term  it, 
into  ships  of  the  line." 

1590*  If  cold  air  produces  fog,  why  is  it  not  foggy 
on  a  frosty  morning  ? 

A.  1st.  Because  less  vapor  is  formed  on  a 
frosty  day ;  and, 

2d.  The  vapor  is  frozen  upon  the  ground 
before  it  can  rise  from  the  earth,  and  be- 
comes hoar-frost. 

1591  •  Why  are  fogs  more  general  in  autumn  than  in 
spring? 

A.  The  earth  in  spring  is  not  so  hot  as  it 
is  in  autumn ;  in  consequence  of  which,  its 
vapor  is  not  chilled  into  fog  as  it  issues  into 
the  air. 

1592*  Why  are  fogs  more  common  in  valleys  than  on 
hills? 

A.  1st.  Because  valleys  contain  more  moist- 
ure than  hills ;  and, 

2d.  They  are  not  exposed  to  sufficient 
wind  to  dissipate  the  vapor. 

1593«  How  does  wind  dissipate  fogs  ? 

A.  Either  by  blowing  them  away,  or  by 
dissolving  them  into  vapor  again. 

1594*  What  is  hoar-frost  ? 

A.  There  are  two  sorts  of  hoar-frost: 
*— 1.  Frozen  dew ;  and,  2.  Frozen  fog. 
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15t&  What  k  the  came  of  the  ground  how-frost,  of 
froaeadew? 

A.  Very  rapid  radiation  of  heat  from  the 
earth;  in  consequence  of  which,  the  surface 
is  so  cooled  down  that  it  freezes  the  dew  con- 
densed upon  it 

15K*  Why  »  hoar-frost  sees  only  after  a  very  eleai 

»«htr 

A*  Because  the  earth  will  not  have  thrown 
off  heat  enough  by  radiation  to  freeze  the 
vapor  condensed  upon  its  surface  unless  the 
night  was  very  clear. 

IWTt  What  is  the  cause  of  that  hoar-frost  which 
arieea  from  frosen  fog? 

A.  The  thick  fog  which  invested  the  earth 
during  the  night,  being  condensed  by  the  cold 
frost  of  early  morning,  is  congealed  upon 
every  object  with  which  it  comes  in  contact. 

1598#  Why  does  hoar-frost  very  often  cover  the 
ground  and  trees,  when  the  water  of  rivers  is  not  frozen  ? 

A.  Because  it  is  not  the  effect  of  cold  in 
the  air,  but  cold  on  the  surface  of  the  earth 
(produced  by  excessive  radiation)  which 
freezes  the  dew  condensed  upon  it. 

1599*  Why  is  the  hoar-frost  upon  grass  and  vege- 
tables much  thicker  than  that  upon  lofty  trees  ? 

A.  Because  the  air  resting  on  the  surface 
^  the  ground  is  much  colder  after  sunset 
r  the  air  higher  up;  in  consequence  of 

,  more  vapor  is  condensed  and  frozen 
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CHAPTER  IV.— ICE. 
1600.  What  is  freezing? 

A.  The  solidification  of  fluid  bodies  by  the 
abstraction  of  the  heat  necessary  to  their 
fluid  form. 

1601*  What  is  ice? 

A.  Frozen  water.  When  water  is  reduced 
to  thirty-two  degrees  of  heat,  it  will  no  longer 
remain  in  a  fluid  state. 

1602*  Why  is  solid  ice  lighter  than  water? 

A.  Because  water  expands  by  freezing,  and, 
as  the  bulk  is  increased,  the  gravity  must 
be  less. 

160St  When  does  water  begin  to  expand  from  cold  ? 

A.  When  it  is  reduced  to  thirty-eight  de- 
grees and  eight-tenths.  Water  is  wisely  or- 
dained by  God  to  be  an  exception  to  a  very 
general  rule;  it  contracts  till  itns  reduced 
to  thirty-eight  degrees  and  eight-tenths,  and 
then  it  expands  till  it  freezes. 

1604*  Why  does  water  expand  when  it  freezes  ? 

A.  Because  it  is  converted  into  solid  crys- 
tals which  do  not  fit  so  closely  as  particles 
of  water  do. 

1605*  W  hy  do  water-pipes  frequently  burst  in  frosty 
weather? 

A.  Because  the  water  in  them  freezes,  and, 
expanding  by  frost,  bursts  the  pipes  to  make 
room  for  its  increased  volume. 

•      29* 
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1 606.  Does  not  water  expand  by  heat  as  well  as  hj 

wur 

A,  Yea :  it  expands  as  soon  as  it  ia  more 
than  thirty-eight  degrees  and  eight-tenths, 
till  it  boils ;  after  which  time  it  flies  off  in 
steam. 

1607.  Why  docs  not  -water  when  freezing  expand 
npwarda,  like  boilins;  water,  and  run  over? 

A.  Because  the  surface  is  frozen  first, 
which  prevents  the  overflowing  of  the  water. 

1808i  Why  do  tilea,  atones,  and  rocks  often  split  in 
winter  ? 

A.  Because  the  moisture  in  them  freezes, 
and,  expanding  by  frost,  splits  the  solid  mass. 

1699i  In  winter-time,  foot-marks  and  wheel-ruts  arc 
often  covered  with  an  icy  net-work,  through  the  inter- 
stices of  which  the  soil  is  clearly  seen :  why  does  tho 
water  freeze  in  net-work  ? 

A.  Because  it  freezes  first  at  the  sides  of 
the  foot-prints ;  other  crystals  gradually  shoot 
across,  and  would  cover  the  whole  surface,  if 
the  earth  did  not  absorb  the  water  before  it 
had  time  to  freeze. 

1610.  In  winter-time,  these  foot-marks  and  wheel- 
rnts  are  sometimes  covered  with  a  perfect  sheet  of  ice, 
and  not  an  icy  net-work ;  wby  is  this  ? 

A.  Because  the  air  is  colder  and  the  earth 
harder  than  in  the  former  case;    in  conse- 
quence of  which,  the  entire  surface  of  the 
"        footprint  is  frozen  over  before  the  earth  has 

t      hjArfimc  to  absorb  th<*  water. 

14. 
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161  It  Why  is  not  the  ic«?  solid  in  these  ruts  ?  why  is 
there  only  a  very  thin  film  or  net- work  of  ice  ? 

A.  Because  the  earth'  absorbs  most  of  the 
water,  and  leaves  only  the  icy  film  behind. 


Fig.  14. 
Freezing  water,  32°.    212°,  boiling  watec 


Here  A  B  measures  the  bulk  of  a 
portion  of  water  at  42°.  It  goes  on 
increasing  in  bulk  to  C  D,  when  it 
boils.  It  also  goes  on  increasing  in 
bulk  to  E  F,  when  it  freezes. 


1612*  Why  is  the  bottom  of  a  river  seldom  frozen? 

A.  Because  water  ascends  to  the  surface 
as  soon  as  it  becomes  colder  than  forty-two 
degrees,  and,  if  it  freezes,  floats  there  till  it  is 
melted. 

Ice  is  sometimes  formed  at  the  bottom  of  rivers.     It  is  then  called 
ground-ice. 

161St  Show  the  wisdom  of  God  in  this  wonderful 
exception  to  a  general  law. 

A.  If  ice  were  heavier  than  water,  it  would 
sink ;  and  a  river  would  soon  become  a  solid 
block  of  ice. 

The  general  rule  is,  that  all  substances  become  heavier  from  con* 
densation;  but  ice  is  lighter  than  water. 

161 4t  Why  does  not  the  ice  on  the  surface  of  a  river 
chill  the  water  beneath  and  make  it  freeze  ? 

A.  1st.  Because  water  is  a  very  bad  con- 
ductor, and  is  heated  or  chilled  by  convection 
only ; 

2d.  If  the  ice  on  the  surface  were  to  com 
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icate  its  coldness  to  the  water  beneath, 
:  water  beneath  would  communicate  ita 
neat  to  the  ice,  and  the  ice  would  instantly 
It;  and, 

3d.  The  ice  on  the  surface  acts  as  a  shield, 
prevent  the  cold  air  from  penetrating 
rough  the  river,  to  freeze  the  water  below 
i  surface. 

1(15*  Why  does  water  at  the  surface  first? 

A.  Because  the  surf:  is  in  contact  with 
the  air,  and  the  air  carrier  away  its  heat. 

Itlt.   Why  does  the  e  f  ioe  grow  thicker  and 

thieker  if  the  frost  contin 

A.  Because  the  heat  f  th9  water  imme- 
diately below  the  frozen  si  'face  passes  through 
the  pores  of  the  ice  into    he  cold  air. 

1617.  Why  arc  not  whole  rivers  frozen,  layer  by  layer, 
till  they  become  solid  ice  ? 

A.  Because  water  is  so  slow  a  conductor 
that  our  frosts  never  continue  long  enough 
to  convert  a  whole  river  into  a  solid  mass  of 
ice. 

I6I81   Why  does  DOt  running  water  freeze  so  fast  as 

still  water? 

A.  1st.  Because  the  motion  of  the  current 
disturbs  the  crystals,  and  prevents  their  form- 
ing into  a  continuous  surface ;  and, 

2d.  The  heat  of  the  under  surface  is  com- 
municated to  the  upper  surface  by  the  rolling 
of  the  water. 
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1619*  When  running  water  is  frozen,  why  is  the  ice 
generally  very  rough? 

A.  Because  little  flakes  of  ice  are  first 
formed  and  carried  down  the  stream,  till  they 
meet  some  obstacle  to  stop  them;  other  flakes 
of  ice,  impinging  against  them,  are  arrested 
in  like  manner ;  and  the  edges  of  the  differ- 
ent flakes,  overlapping  each  other,  make  the 
surface  rough. 

1620t  Why  do  some  parts  of  a  river  freeze  less  than 
others  ? 

A.  Because  springs  issue  from  the  bottom, 
and,  as  they  bubble  upward,  thaw  the  ice,  of 
make  it  thin. 

1621.  When  persons  fall  into  a  river  in  winter-time, 
why  does  the  water  feel  remarkably  warm  ? 

A.  Because  the  frosty  air  is  at  least  ten  or 
twelve  degrees  colder  than  the  water  is. 

The  temperature  of  the  water  below  the  surface  1b  at  least  38° ;  but 
that  or  the  air  is  12°,  or  even  less. 

1622t  Why  is  shallow  water  frozen  more  quickly 
than  deep  water? 

A.  Because  the  whole  volume  of  water 
must  be  cooled  to  thirty-eight  degrees  before 
the  surface  can  be  frozen ;  and  it  takes  a 
longer  time  to  cool  down  a  deep  bed  of  water 
than  a  shallow  one. 

1623*  Why  is  sea-water  rarely  frozen  ? 

A,  1st.  Because  the  mass  of  water  is  so 
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great  that  it  requires  a  very  long  time  to 
cool  the  whole  volume  down  to  38° ; 

2d.  The  ebb  and  flow  of  the  sea  interfere 
with  the  cooling  influence  of  the  air;  and, 

3d.  Salt  water  never  freezes  till  the  surface 
is  cooled  down  twenty-five  degrees  below  the 
freezing-point. 

1624*  Why  do  some  lakes  rarely,  if  ever,  freeze? 

A.  1st.  Because  they  are  very  deep ;  and, 
2d.  Because   their  water  is  supplied  by 
springs  which  bubble  from  the  bottom. 

1625*  Why  does  the  depth  of  water  retard  its  {reel- 
ing? 

A.  Because  the  temperature  of  the  whole 
volume  of  water  must  be  reduced  to  38°  be- 
fore the  surface  will  freeze ;  and  the  deeper 
the  water  the  longer  will  it  be  before  the 
whole  volume  is  thus  reduced. 

1626t  Why  do  springs  at  the  bottom  of  a  lake  pre- 
vent its  freezing  ? 

A.  Because  they  are  continually  sending 
forth  fresh  water,  which  prevents  the  lake 
from  being  reduced  to  the  necessary  degree 
of  coldness. 

1627.  It  is  colder  in  a  thaw  than  in  a  frost  Explain 
the  reason  of  this.  * 

A.  When  frozen  water  is  thawed,  it  absorbs 
heat  from  the  air,  &c.  to  melt  the  ice;  in 
consequence  of  which,  the  heat  of  the  air  is 
greatly  reduced. 
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\  It  is  warmer  in  a  frost  than  in  a  thaw.     Kx- 
•eason  of  this. 

->n  water  freezes,  it  gives  out  latent 

'er  that  it  may  be  converted  into 

\  as  much  heat  is  liberated  from 

^he  atmosphere,  the  air  feels 

ouives  ice.     Explain  the  reason  of  this. 

. ,  ater  freezes   at   32°,  but   salt   and 
acer  will  not  freeze  till  the  air  is  twenty^ 
five  degrees  colder:    if,   therefore,   salt  b« 
added  to  frozen  water,  it  dissolves  it. 

MSOt  Why  does  pure  water  freeze  more  quickly  than 
milk? 

A.  Because  milk  contains  certain  salts  in 
solution ;  in  consequence  of  which,  it  requires 
a  greater  degree  of  cold  to  congeal  it  than 
water. 

Water  freezes  at  32°,  but  salt  and  water  will  not  freeze  unless  the 
thermometer  sinks  below  7°. 

MSlt  Will  any  thing  dissolve  ice  except  salt  ? 

A.  Yes;  any  acid  will,  such  as  sulphuric 
acid,  nitric  acid,  &c. 

MS2t  Why  is  a  mixture  of  salt  and  snow  colder  than 
now  itself? 

A.  Because  salt  dissolves  the  crystals  of 
snow  into  a  fluid ;  and  whenever  a  solid  is 
converted  into  a  fluid,  heat  is  absorbed,  and 
the  cold  made  more  intense. 

llttt  Why  does  frost  make  the  earth  crack  ? 

A.   Because  the   water   absorbed   by  the 


earth  in  warm  weather,  expanding  by  the 
frost,  thrusts  the  particles  of  earth  apart 
from  each  other,  and  leaves  a  chink  or  crack 
between. 

163].  Show  the  wisdom  of  God  in  this  arrangement 
A.  These  cracks  in  the  earth  let  in  air, 
dew,  rain,  and  many  gases  favorable  to  vege- 
tation. 

1635.  Why  does  the  earth      umble  in  spring? 

A.  Because  the  ice  01  the  clods  dissolves ; 
and  the  particles  of  earth  which  had  been 
thrust  apart  by  the  ,,  being  left  unsup- 

ported, tumble  into  i.....ute  parts,  because 
their  cement  of  ice  is  dissolved. 

1636.  Why  does  mortar  crumble  awny  in  frost  ? 

A.  Because  it  was  not  dried  in  the  warm 
weather :  therefore  its  moisture  freezes,  ex- 
pands, and  thrusts  the  particles  of  the  mortar 
away  from  each  other ;  but  as  soon  as  the 
frost  goes  the  water  condenses,  and  leaves 
the  mortar  full  of  cracks  and  chinks. 

1637.  Why  does  stucco  peel  from  a  wall  in  frosty 
weather  ? 

A.  Because  the  stucco  was  not  dried  in  the 
warm  weather  :  therefore  its  moisture  freezes, 
expands,  and  thrusts  its  particles  away  from 
the  wall ;  but  as  soon  as  the  water  condenses 
again  by  the  thaw,  the  stucco,  being  unsup- 
ported, fsdls  by  its  own  weight. 
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ISSSt  Why  cannot  bricklayers  and  plasterers  work 
in  frosty  weather  t 

A.  Because  frost  expands  mortar,  and 
causes  the  bricks  and  plaster  to  start  from 
their  position. 

1639*  Why  do  bricklayers  cover  their  work  with  straw 
in  spring  and  autumn  ? 

A.  Because  straw  is  a  non-conductor,  and 
prevents  the  mortar  of  their  new  work  from 
freezing  during  the  cold  nights  of  spring  and 
autumn. 

1640*  Why  are  water-pipes  often  covered  with  straw 
in  winter-time  ? 

A.  Because  straw,  being  a  non-conductor 
prevents  the  water  of  the  pipes  from  freezing, 
and  the  pipes  from  bursting. 

1641  •  Can  water  be  frozen  in  any  way  except  by 
frosty  weather? 

A.  Yes ;  in  many  ways.  For  example,  a 
bottle  of  water  wrapped  in  cotton  and  fre- 
quently wetted  with  ether  will  soon  freeze. 

1642t  Why  would  water  freeze  if  the  bottle  were 
kept  constantly  wetted  with  ether  f 

A.  Because  evaporation  would  carry  off 
the  heat  of  the  water  and  reduce  it  to  the 
freezing-point. 

1643*  Why  does  ether  freeze  under  the  receiver  of 
an  air-pump  when  the  air  is  exhausted  ? 

A.  Because  evaporation  is  greatly  increased 

30 
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by  the  diminution  of  atmospheric  pressure ; 
and  the  ether  freezes  by  evaporation. 

FREEZING-MIXTUBES. 

Equal  weights  of  froth  mow  (or  pounded  iee)  and  common  nit 
will  produce  a  temperature  of  4°  below  icro. 

A  mixture  of  three  parti  of  crystallised  chloride  of  calcium  and 
two  parts  of  now  will  create  a  temperature  nfttkntl  j  cold  to  freeze 
mercury* 

The  moat  powerful  freezing-mixture  now  known  is  formed  bj  dis- 
torting solid  carbonic  acid  or.  solid  nitrons  oxide  in  sulphuric  ether. 
In  this  way  temperatures  from  130°  to  146°  below  sero  hare  been 
obtained. 

1  tils  Is  a  mixture  of  salt  and  snow  really  colder  than 
snow? 

A.  Yes,  many  degrees  colder;  so  that  if 
the  hand  be  dipped  into  the  mixture  first,  and 
into  snow  afterward,  the  snow  will  seem  to 
be  comparatively  warm.  ' 
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CHAPTER  L— LIGHT. 

1645t  What  is  light  ? 

A.  Rapid  undulations  of  a  fluid  called  ether, 
made  sensible  to  the  eye  by  striking  on  the 
optic  nerve, 

1646*  In  what  manner  is  light  propagated  ? 

A.  In  right  lines  from  every  luminous  point, 
every  such  line  being  called  a  ray  of  light. 

1647t  What  is  meant  by  *a  Fig.  15. 

pencil  of  light? 

A.  A.  collection  of  ra- 
diating lines  or  rays,  as 
seen  in  fig.  15. 

1648*  What  is  a  focus  of 
light  ? 

A.  When  rays  of  light  continually  approach 
each  other,  as  in  moving  to  a  po:nt,  they  are 
said  to  converge,  and  the  point  at  which  the 
converging  rays  meet  is  called  the  "locus." 

351 
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1649t  How  fast  does  light  travel  1 

A.  Light  travels  so  fast  that  it  would  go 
eight  times  round  the  earth  while  a  person 
counts  "  one." 

Light  travels  about  2€0,Q00  mUes  in  one  ctoond  of  time. 
1*50.  Whatise&er? 

A.  A  very  subtle  fluid,  which  pervades  all 
space. 

1(51  •  How  can  undulations  of  ether  produce  light? 

A.  As  sound  is  produced  by  undulations  of 
air  striking  on  the  ear,  so  light  is  produced 
by  undulations  of  ether  striking  on  tne  eye. 

l(52t  How  does  combustion  make  undulations  of 
fehtf 

A.  The  atoms  of  matter  set  in  motion  by 
heat,  striking  against  this  ether,  produce  un- 
dulations in  it,  as  a  stone  thrown  into  a  stream 
produces  undulations  in  the  water. 

1653»  Does  all  light  travel  equally  fast  ? 

A.  Yes :  the  light  of  the  sun  or  the  light 
of  a  candle  travels  at  the  rate  of  about 
200,000  miles  in  a  second. 

1654*  Where  does  the  light  of  houses,  trees,  and 
fields  come  from  ? 

A.  The  light  of  the  sun,  or  of  some  lamp 
or  candle,  is  reflected  from  their  surfaces.  ' 

1(55*  Why  are  some  surfaces  brilliant,  like  glass  and 
steel,  and  others  dull,  like  lead  ? 

A.    Those  surfaces  which  reflect  the  most 
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light  are  the  most  brilliant;  and  those  which 
absorb  light  are  dull. 

1656»  What  is  meant  by  reflecting  light  ? 

A.  Throwing  the  rays  of  light  back  again 
from  the  surface  on  which  they  fall. 

1657*  What  is  meant  by  absorbing  light  ? 

A.  Ketaining  the  rays  of  light  on  the  sur- 
face on  which  they  fall ;  in  consequence  of 
which,  their  presence  is  not  made  sensible  by 
reflection. 

1(58*  Why  can  a  thousand  persons  see  the  same  object 
at  the  same  time  ? 

A.  Because  it  throws  off  from  its  surface 
an  infinite  number  of  rays  in  all  directions ; 
and  one  person  sees  one  portion  of  these  rays, 
and  another  person  another. 

1659t  Why  is  the  eye  pained  by  a  sndden  light? 

A.  Because  the  nerve  of  the  eye  is  burdened 
with  rays  before  the  pupil  has  had  time  to 
contract. 

ICCOt  Why  does  it  give  us  pain  if  a  candle  be  brought 
suddenly  toward  our  bed  in  the  night-time  ? 

A.  Because  the  pupil  of  the  eye  dilates 
very  much  in  the  dark,  in  order  to  admit 
more  rays.  When,  therefore,  a  candle  is 
brought  suddenly  before  us,  the  enlarged 
pupils  overload  the  optic  nerves  with  rays, 
which  causes  pain. 

30* 


A.  Because  the  pupils  contract  again  almost 
instantly,  and  adjust  themselves  to  the  quan- 
tity of  light  which  falls  upon  them. 

1662.  Why  can  we  see  nothing  when  we  leave  a  well- 
lighted  room  and  go  into  the  darker  road  or  street  ? 

A.  Because  the  pupil,  hich  contracted  in 
the   bright  room,  d<  t  dilate    J  ns  tan  tar 

neously  ;  and  the  coii  d  pupil  is  not  able 

to  collect  rays  enougu  11  the  darker  road 
or  street  to  enable  us  to  a  i  objects  before  us. 

1603.  Why  do  we  see  better  when  we  get  used  to  the 
dark? 

A.  Because  the  pupil  dilates  again,  and 
allows  more  rays  to  pass  through  its  aperture ; 
in  consequence  of  which,  we  see  more  dis- 
tinctly. 

"Thus,  when  the  limp  that  lighted 
The  traveller  al  first  goea  ODt, 
Ho  fwla  ■  while  benighted. 

And  lingers  on  in  fear  and  doubt. 


Aa  that  light  which  heaven  sheJa." 

1664.  If  we  look  at  the  sun  for  a  few  moments,  why 
do  all  other  things  appear  dark  ? 

A.  Because  the  pupil  of  the  eye  becomes 
so  much  contracted  by  looking  at  the  sun  that 
it  is  too  small  to  collect  sufficient  rays  from 
other  objects  to  enable  us  to  distinguish  theii 
xilors.     {See  Accidental  Colors.) 


[Wf 
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1865t  Why  can  we  see  the  proper  colors  of  every 
object  again,  after  a  few  minutes  ? 

A.  Because  the  pupil  dilates  again,  and 
accommodates  itself  to  the  light  around. 

1066*  Why  can  tigers,  cats,  and  owls  see  in  the  dark  ? 

A.  Because  they  have  the  power  of  en- 
larging the  pupil  of  their  eyes  so  as  to  collect 
the  scattered  rays  of  light ;  in  consequence 
y£  which,  they  can  see  distinctly  when  it  is 
aot  light  enough  for  us  to  see  any  thing  at  all. 

1667t  Why  do  cats  keep  winking  when  they  sit  before 
ifire? 

A.  Because  the  pupil  of  their  eye  is  very 
broad,  and  the  light  of  the  fire  is  painful :  so 
they  keep  shutting  their  eyes  to  relieve  the 
sensation  of  too  much  light. 

1668*  Why  do  glow-worms  and  fire-flies  glisten  by 
light  only  ? 

A.  Because  the  light  of  day  is  so  strong 
that  it  eclipses  the  feeble  light  of  a  glow-worm 
Mr  fire-fly;  in  consequence  of  which,  glow- 
worms are  invisible  by  day. 

1669»  Why  can  we  not  see  the  stars  in  the  daytime  ? 

A.  Because  the  light  of  day  is  so  powerful 
that  it  eclipses  the  feeble  light  of  the  stars ; 
in  consequence  of  which,  they  are  invisible 
by  day. 

1670*  Why  can  we  see  the  stars,  even  at  mid-day, 
from  the  bottom  of  a  deep  well  ? 

A.  Because  the  light  of  the  stars  is  not 
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overpowered  by  the  rays  of  the  sun,  which 
are  lost  in  the  numerous  reflections  which 
they  undergo  in  the  well. 

The  rays  of  the  sun  will  enter  the  well  very  obliquely;  whereas 
muny  stars  will  shine  directly  over  the  well. 

1671,  Why  do  we  not  see  things  double,  with  two 
eyes? 

A.  1st.  Because  the  axis  of  both  eyes  is 
turned  to  one  object,  and  therefore  the  same 
impression  is  made  on  the  retina  of  each  eye ; 
and, 

2d.  Because  the  nerves  which  receive  the 
impression  have  one  point  of  union  before 
they  reach  the  brain. 

This  is  not  altogether  satisfactory, — although  it  is  the  explanation 
generally  given.  The  phenomenon,  probably,  is  rather  psychological 
than  material. 

1672»  Why  do  we  see  ourselves  in  a  glass  ? 

A.  Because  the  rays  of  light  from  our  face 
strike  against  the  surface  of  the  glass,  and, 
instead  of  being  absorbed,  are  reflected,  or 
sent  back  again  to  our  eye. 

1673*  Why  are  the  rays  of  light  reflected  by  a  mirror? 

A.  Because  they  cannot  pass  through  the 
impenetrable  metal  with  which  the  back  of 
the  glass  is  covered :  so  they  bound  back, 
just  as  a  marble  would  do  if  it  were  thrown 
against  a  wall. 

1674*  When  a  marble  is  rolled  toward  a  wall,  what 
is  the  path  through  which  it  runs  called? 

A.  The  line  of  incidence. 
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1675*  When  a  marble  bounds  back  again,  what  is  the 
path  it  then  describes  called  ? 

A.  The  line  of  reflection. 

(See  Fig.  16.)     If  A  B  be  the  line  of  incidence,  B  E  is  the  line  of 
reflection j  and  vice  versa. 

I676«  When  the  light  of  our  face  goes  to  the  glass, 
what  is  the  path  through  which  it  goes  called  ? 

A.  The  line  of  incidence. 

1677*  When  the  light  of  our  face  is  reflected  back 
again  from  the  mirror,  what  is  this  returning  path  called  ? 

A.  The  line  of  reflection. 

l(78t  What  is  the  angle  of  incidence  ? 

A.  The  angle  between  the  line  of  incidence 
and  the  perpendicular. 

1679*  What  is  the  angle  of  reflection  ? 

A.  The  angle  between  the  line  of  reflection 
and  the  perpendicular. 


Let  V  0  be  any  surface,  D  B  a  perpendicular  to  it.  If  a  marble 
were  thrown  from  E  to  B,  and  bounded  back  to  A,  then  E  B  D  would 
be  called  the  angle  of  incidence,  and  A  B  D  the  angle  of  reflection. 

1«80«  Why  does  our  reflection  in  a  mirror  seem  to 
approach  us  as  we  walk  toward  it,  and  to  retire  from  us 
as  we  retire  ? 

A.  Because  the  lines  and  angles  of  incidence 
are  always  equal  to  the  lines  and  angles  of 
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reflection ;  in  consequence  of  which,  the  image 
will  always  seem  to  be  as  far  behind  the 
mirror  as  the  real  object  is  before  it 

Fig.  17. 


G 


Suppose  A  to  be  a  mirror,  C  A,  B  A,  and  D  A,  F  A,  the  lines  of 
Incidence;  then  6  A,  K  A,  and  H  A,  L  A,  are  the  lines  of  reflection. 
When  the  arrow  »  at  0  D,  its  image  will  appear  at  G  H,  because  line 
0  A  — G  A,  and  line  DA— HA, •  and  also  angle  C  A  B— angle  GAB, 
and  angle  DAB»  angle  H  A  B.  For  a  similar  reason,  If  the  arrow 
were  at  B  F,  the  image  would  seem  to  he  at  K  L. 

1681*  Why  does  the  image  of  any  object  in  water 
always  appear  inverted  ? 

A.  Because   the   angles  of  incidence   are 
always  equal  to  the  angles  of  reflection. 

Fig.  18. 


Here  the  arrow-head  A  strikes  the  water  at  F,  and  is  reflected  to  D, 
and  the  barb  B  strikes  the  water  at  E,  and  is  reflected  to  C. 

If  a  spectator  stands  at  G,  he  will  see  the  reflected  lines  C  E  and 
D  F  produced  as  far  as  G. 

It  is  very  plain  that  A  (the  more  elevated  object)  will  strike  the 
water  and  be  projected  from  it  more  perpendicularly  than  the  point 
v;  and  therefore  the  image  w\\\  «fe*mVK<r«rXaA»   ' 
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1682t  When  we  see  our  reflection  in  water,  why  do 
ire  seem  to  stand  on  our  head  ? 

A.  Because  the  angles  of  incidence  are 
always  equal  to  the  angles  of  reflection. 

Suppose  our  head  to  be  at  A,  and  our  feet  at  B j  then  the  shadow 
of  our  head  will  be  seen  at  D,  and  the  shadow  of  our  feet  at  C.  (See 
I*  18.) 

1683*  Why  do  windows  seem  to  blaze  at  sunrise  and 
lunset? 

A.  Because  glass  is  a  good  reflector  of  light ; 
and  the  rays  of  the  sun,  striking  against  the 
window-glass,  are  reflected,  or  thrown  back. 

1684.  Why  do  not  windows  reflect  the  noonday  rays 
iko? 

A.  They  do ;  but  the  reflection  is  not  seen. 

1685*  Why  is  the  reflection  of  the  rising  and  setting 
mn  seen  in  the  window,  and  not  that  of  the  noonday  sun  ? 

A.  Because  the  rays  of  the  noonday  sun 
enter  the  glass  too  obliquely  for  their  reflec- 
tion to  be  seen. 

Fig.  19. 


Sun  near  the  horupn* 


Bore,  of  the  ray*  fl  A,  8  B,  and  S  0,  m&j  A*  ngrS  C 
*y«  of  the  aptotator  D. 

The  spot  0,  therefore,  will  appear  lomiaow  to  fko  ■ 
*o  other  spot  of  the  water  ABO. 

lfltOt  Why  em  we  not  see  into  the  street  cr  m* 

when  candloH  lire  lighted  f 

A.  1st.  lituutUHO  glass  is  a  reflector,  and 
throws  the  tuuulle-Ught  back  into  the  room 
again;  and, 

2d.  The  pupil  of  the  eye,  having  become 
instructed  by  the  light  of  the  room,  is  too 
qmttll  to  collect  vnyn  enough  from  the  dark 
*Uwt  to  enable  us  to  Hee  into  it. 

|||1«  Why  do  we  often  boo  the  fire  reflected  in  our 
Hl^ifrwlndow  in  wiuter-timo  ? 

At  Because  glass  is  a  good  reflector ;  and 
tiw  VUys  of  the  lire,  striking  against  the 
^HjUiw-glass,  are  reflected   back  into  the 

«$M  Again- 
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1692*  Why  is  this  reflection  more  clear  "if*-*, 
ternal  air  be  dark  ?  "^ 

A.  Because  the  reflection  is  not  eclipsed  by 
the  brighter  rays  of  the  sun  striking  on  the 
other  side  of  the  window. 

1693.  If  the  shadow  of  an  object  be  thrown  on  a 
wall,  the  closer  the  object  is  held  to  the  candle  the  larger 
will  be  its  shadow.    Why  is  this  ? 

A.  Because  the  rays  of  light  diverge  from 
the  flame  of  the  candle  in  straight  lines,  like 
lines  drawn  from  the  centre  of  a  circle. 


Fig.  23. 


^Ji 


Here  the  arrow  A,  held  close  to  the  candle,  will  east  the  shadow 
B  F  on  a  wall ;  while  the  same  arrow  held  at  C  would  cast  only  the 
little  shadow  D  E. 

1694*  When  we  enter  a  long  avenue  of  trees,  why 
does  the  avenue  seem  to  get  narrower  and  narrower,  till 
the  two  sides  appear  to  meet  ? 

A.  Because  the  farther  the  trees  are  off,  the 
more  acute  will  be  the  angle  that  any  oppo- 
site two  make  with  our  eye.     (See  Fig.  24.) 


,«~ «  *  % 


■t  o  -r 


,   In  *  king,  straight  street,  why  do  the  houses 

M  jf>po«iW  nidus  seem  to  approach  nearer  together  as 

iDtii  distant? 

\.    litvause  the  more  distant   the  houses 

be  more  acute  will  be  the  angle  which 

pposite  two  make  with  our  eye. 

i   Stf.  SI,  if  A  nnd  B  were  two  houses  it  the  top  of  too 


1499*  la  an  avenue,  why  do  the  trees  seem  to  bo 
auitdler  as  their  distance  increases? 

A.  Because  the  farther  the  trees  are  off, 
the  more  acute  will  be  the  angle  made  by 
their  perpendicular  height  with  our  eye. 
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1697*  Why  does  a  man  on  the  top  of  a  mountain  or 
church-spire  appear  so  small  ? 

A.  Because  the  angle  made  in  our  eye  by 
the  perpendicular  height  of  the  man  at  that 
distance  is  no  larger  than  that  made  by  a 
crow  close  by. 

Fig.  26. 


Let  A  B  be  a  man  on  a  distant  mountain  or  spire,  and  GD,i  crow 
close  by. 

Tbe  man  will  appear  only  as  high  as  the  line  G  D,  which  is  the 
height  of  the  crow. 

I698«  Why  does  the  moon  appear  to  us  so  much 
larger  than  the  stars,  though  in  fact  it  is  a  great  deal 
smaller  ? 

A.  Because  the  moon  is  very  much  nearer 
to  us  than  any  of  the  stars. 

Fig.  27. 


-  & 
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Let-  A  B  represent  a  fixed  star,  and  C  D,  the  moon. 

A  B,  though  much  tbe  larger  body,  will  appear  no  larger  than  E  F ; 
whereas  the  moon  (C  D)  will  appear  as  large  as  the  line  C  D  to  the 
spectator  G. 

The  moon  is  240,000  miles  from  the  earth, — not  quite  a  quarter  of  a 
minion  of  miles.    The  nearest  fixed  stars  are  20,000,000,000,000,  (that 

is,  twenty  billions.) 

SI* 


would  reach  lb«  moon 


il  begnn,  therefore,  when  Adam 

i  bow  no  farther  on  its  journey  than  a  coacn  ■ 

■*  Lund'!  End,  Cornwall,  to  the  most  northern 

ha  after  il  baa  paased  about  three-quarters  of  a 


f(H>  W>iv  does  the  moon,  which  is  a  sphere,  appear 

A,  Because  it  is  so  far  off  that  we  cannot 
^Tjawfuish  any  difference  between  the  length 
j»i  \ht  r*ys  issuing  from  the  edge  and  those 
^jcJi  issue  from  the  centre. 


— .  -tj  A  D  and  C  D  appear  to  bo  no  longer  than  the  ray  B  D; 

i  Li  Ike  rays  seem  nf  the  Fame  length,  the  part  B  will  not  Hen) 

^.  — mitt  U>  us  than  A  and  C ;  and  therefore  ABC  will  look  like 

*y^  nyt  A  D  and  C  D  are  210,000  miles  long;  the  ray  B  D  ii 
«.«'  «il"  lQ°S- 

|  !♦♦■  Wliy  does  distance  make  an  object  invisible  ? 

A.  Because  no  visible  perpendicular  can 
^  inserted  between  the  lines  which  form 
«}*  angle,  or  because  the  lines  actually  cross 
^j£>re  they  meet  our  eye. 


-ft. 


aid  be  inviilble  i 
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1701t  What  is  the  meaning  of  perspective? 

A.  The  science  of  perspective  teaches  to 
draw  on  a  plane  surface  true  pictures  of  ob- 
jects as  they  appear  to  the  eye  from  any 
distance  and  in  any  position. 

"  Plane  surface/'  a  flat  or  even  surface.    The  word  "perspective"  is 
from  the  Latin  per,  through,  and  specio,  to  look. 

1702*  What  is  the  use  of  telescopes? 

A.  They  gather  together  the  rays  of  light, 
and  a  greater  quantity  are  brought  to  the 
eye. 

1703*  How  can  these  rays  be  gathered  together  ? 

A.  Rays  of  light  diverge — that  is,  spread 
out  in  all  directions — from  a  luminous  ob- 
ject. The  number  of  these  diverging  rays 
which  will  enter  the  eye  is  limited  by  tne 
size  of  the  pupil.  But,  before  they  reach 
the  eye,  they  may  be  received  upon  a  glass 
lens  of  a  convex  form,  which  will  have  the 
effect  of  collecting  them  into  a  space  less  in 
magnitude  than  the  pupil  of  the  eye.  If 
the  eye  be  placed  where  the  rays  are  thus 
collected,  all  the  light  will  enter  the  pupil. 

1704*  Why  do  telescopes  enable  us  to  see  objects 
invisible  to  the  naked  eye  ? 

A.  Because  they  gather  together  more  lumi- 
nous rays  from  obscure  objects  than  the  eye 
can,  and  form  a  bright  image  of  them  in  the 
tube  of  the  telescope  where  they  are  magni- 
fied. 

32* 
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hip  out  at  sea  is  approaching  i 
i  the  small  masts  before  we  see  t 


1705.  When  < 
shore,  why  do  we  see  t 
bulky  hull? 

A.  Because  the  earth  is  round ;  and  the 
curve  of  the  sea  hides  the  hull  from  our  eyes 
after  the  tall  masts  have  become  visible. 


1706 1  Horn  is  transparent:  why  are  not  horn  b 
iuga  transparent  also? 

A.  Because  the  surface  of  the  shaving 
has  been  torn  and  rendered  rough ;  and  the 
rays  of  light  are  too  much  reflected  and  re- 
fracted by  the  rough  surface  to  be  trans- 
mitted through  the  shaving,  so  as  to  pro- 
duce transparency. 

1707>  Why  floes  wetting  a  cornelian  make  it  mora 
transparent  ? 


THE   EYE,  THE   SEAT   OF   VISION.  3G9 

A.  Because  the  pores  of  the  cornelian  are 
then  filled  with  water ;  and,  as  the  density  of 
the  mass  is  rendered  somewhat  more  uni- 
form than  when  those  pores  were  filled  with 
air,  the  stone  becomes  more  transparent. 

Transparency  depends  on  the  uniformity  of  the  parts. 

If  the  parts  of  any  substance  are  not  pretty  uniform,  the  rays  of 
tight  are  refracted  and  absorbed  so  frequently  that  no  part  of  them 
nan  emerge  on  the  opposite  side. 


SECTION  L-THE  EYE,  THE  SEAT  OF  VISION. 
1708*  What  is  mean",  by  the  "retina  of  the  eye"  ? 

A.  The  net-work  which  lines  the  back  of 
the  eye  is  called  the  retina. 

Fig.  32. 

The  net-work  A  B  C  is  called  the  retina,  and 
the  projecting  part  D  E  P  is  called  the  cornea. 

This  net-work  is  composed  of  a  spreading  out 
of  the  fibres  of  the  nerve  of  vision. 

1709*  Does  light  admitted  through  the  pupil  to  the 
retina  produce  vision  ? 

A.  Yes;  provided  the  light  enter  in  suf- 
ficient quantity. 

1710*  What  is  that  portion  of  the  eye  called  which 
in  some  persons  is  blue,  in  others  gray  or  nazel  ? 

A.  It  is  called  the  iris. 

1711*  In  the  centre  of  the  iris  is  a  circular  black 
spot:  what  is  this  called? 

A.  It  is  called  the  pupil.  This  spot,  how* 
ever,  is  not  a  black  substance,  but  an  aper- 
ture, which  appears  black  only  because  the 
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chamber  within  it  is  dark.  It  is,  properly 
speaking,  the  window  of  the  eye,  through 
which  light  is  admitted,  which  strikes  on  the 
retina, 

1712*  Why  are  some  persons  near-sighted  ? 

A.  Because  the  cornea  of  their  eye  is  so 
prominent  that  the  image  of  distant  objects 
is  formed  before  it  reaches  the  retina,  and, 
therefore,  is  not  distinctly  seen. 


Fig.  S3. 


|      Thus,  as  in  figure  33,  the  Image  is  formed  at  B  B  be- 
Ai'ore  it  reaches  the  retina  AAA. 


1713*  What  is  meant  by  the  "  cornea  of  the  eye"  ? 

A.  All  the  outside  of  the  visible  part  of 
the  eyeball. 

Fig.  34,  The  eye,  being  nearly  sphe- 

rical in  form,  is  composed,  in 
the  first  place,  of  a  tough, 
opaque  membrane  b  b,  called 
the  tclerotic  coat,  constituting 
the  white  of  the  eye  j  lining 
this  is  the  choroid  membrane, 
which  terminates  near  the  iris 
in  a  series  of  filaments  form- 
ing the  ciliary  ligament?  The  cornea  s  *  is  an  exceedingly  tough  mem- 
brano,  although  clear  and  transparent :  it  is  firmly  united  to  the  sclerotic 
toat, — fixed  into  it,  indeed,  like  the  glass  into  the  case  of  a  watch, 
and  gupported  by  several  adhering  layers.  The  centre  of  the  cornea 
|i  a  circular  opening,  the  pupil;  and  within  it  is  c  c,  the  cryntalline 
jt*«,  a  transparent  capsule  containing  the  vitreous  humor.  Within 
{fee  choroid  coat  is  a  very  delicate  black  pigment,  and  immediately 
wltbia    this   the  retina,  which  forms  the  innermost  coating  of  the 

f-^fual   chamber.      The   retina  is  a   delicate    reticulated    membrane, 
hich  appears  to  be  an  extension  of  the  optic  nerve. 


1714.  What  is  a  lens? 
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A.  A  piece  of  glass  or  other  transparent 
substance,  bounded  on  both  sides  by  polished 
spherical  surfaces,  or  on  the  one  side  by  a 
spherical  and  on  the  other  by  a  plane  surface. 

1715*  How  many  varieties  of  lenses  are  generally 
recognized  ?  / 

A.  Two :  convex  and  concave.  \/ 

Fig.  35. 


Among  convex  lenses  are  the  double  convex,  A,  (fig.  109,)  to  which 
the  appellation  "lens"  was  originally  applied  from  its  resemblance  to  a 
lentil-seed,  {lens  in  Latin,)  being  bounded  by  two  convex  spherical 
surfaces  whose  centres  are  on  opposite  sides  of  the  lens j  the  plano- 
convex, B,  having  one  side  bounded  by  a  plane  surface  and  the  other 
by  a  convex  surface ;  and  the  meniscus  or  concavo-convex,  C,  bounded 
on  one  side  by  a  concave  and  on  the  other  by  a  convex  surface, — the 
former  being  a  portion  of  a  larger  circle  than  the  latter,  and  there- 
fore the  surfaces  meet  when  produced. 

There  are  also  three  principal  varieties  of  concave  glasses ;  as  the 
double  concave,  D,  bounded  by  two  concave  surfaces,  forming  portions 
of  spheres  whose  centres  are  on  opposite  sides  of  the  lens j  the  plano- 
concave, E,  bounded  on  one  side  by  a  plane  and  on  the  other  by  a 
concave  surface ;  and  the  convexo-concave,  F,  bounded  by  a  convex 
surface  on  one  side,  and  by  a  concave  one  on  the  other, — but  these  sur- 
faces, when  produced,  do  not  meet. 

1716*  What  sort  of  glasses  do  near-sighted  persons 
wear? 

A.  If  the  cornea  be  too  convex,  (or  pro- 
jecting,) the  person  must  wear  double  con- 
cave glasses  to  counteract  it. 

1717*  What  is  meant  hy  "  double  concave  glasses"  ? 

A.  Glasses  hollowed  in  on  both  sides. 
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1718*  Where  is  the  image  of  objects  formed,  if  th^ 
cornea  be  too  convex  ? 

A.  If  the  cornea  be  too  convex,  the  image 
of  a  distant  object  is  formed  in  the  vitreous 
humors  of  the  eye,  and  not  on  the  retina. 

Fig.  36. 


Thus,  the  image  is  formed  at  D  E,  and  not  on 
ABC,  (the  retina.) 


1719t  What  is  the  use  of  double  concave  spectacle- 
glasses  ? 

A.  To  cast  the  image  farther  back,  in  order 
that  it  may  be  thrown  upon  the  retina  and 
become  visible. 

1720*  Why  are  old  people  far-sighted? 

A.  Because  the  humors  of  their  eyes  are 
dried  up  by  age;  in  consequence  of  which, 
the  cornea  sinks  in,  or  becomes  flattened. 

1721*  Why  does  the  flattening  of  the  cornea  prevent 
persons  seeing  objects  which  are  near  ? 

A.  Because  the  cornea  is  too  flat,  and  the 
image  of  near  objects  is  not  completely 
formed  when  their  rays  reach  the  retina ;  in 
consequence  of  which,  the  image  is  imperfect 
and  confused. 

Fig.  37. 

Thus,  as  in  fig.  37,  if  the  cornea  is  too  flat,  a  per- 
fect image  would  be  formed  at  tome  distance  behind 
the  retina  A  A  A,  at  the  point  B  C,  and  not  upon  the 
retina,  the  point  necessary  to  produce  perfect  vision. 
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1722*  What  sort  or  glasses  do  old  people  wear? 

A.  As  their  cornea  is  not  sufficiently  con- 
vex, they  must  use  double  convex  glasses,  to 
enable  them  to  see  objects  near  at  hand. 

1723*  What  sort  of  glasses  are  "double  convex" 
spectacle-glasses  ? 

A.  Glasses  which  curve  outwards  on  both 
sides. 

1724t  What  is  the  use  of  double  convex  spectacle- 
glasses? 

A.  To  shorten  the  focus  of  the  eye,  and 
bring  the  image  of  distant  objects  upon  the 
retina. 

1725*  Why  do  near-sighted  persons  bring  objects 
close  to  the  eye  in  order  to  see  them  ? 

A.  Because  the  distance  between  the  front 
and  back  of  the  eye  is  so  great  that  the  image 
of  distant  objects  is  formed  in  front  of  the 
retina ;  but  when  objects  are  brought  near  to 
the  eye,  their  image  is  thrown  farther  back, 
and  made  to  fall  on  the  retina. 

1726t  Why  do  old  people  hold  objects  far  off  in  ord°r 
to  see  them  better  ? 

A.  Because  the  distance  between  the  front 
and  back  of  their  eyes  is  not  great  enough ; 
when,  however,  objects  are  held  farther  off, 
it  compensates  for  this  defect,  and  a  perfect 
image  is  formed  on  the  retina. 

32 
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1727*  Why  are  hawks  able  To  see  at  such  great  dis 
tances? 

A.  Because  they  have  a  muscle  in  the  eye 
which  enables  them  to  flatten  their  cornea, 
by  drawing  back  the  crystalline  lens.  (See 
fig.  34.) 

This  muscle  is  called  the  Marsupium. 

1728*  Why  can  hawks  see  objects  within  half  an  inch 
of  their  eye,  as  well  as  those  at  a  great  distance  ? 

A.  Because  their  eyes  are  furnished  with 
a  flexible  bony  rim,  which  throws  the  cornea 
forward  and  makes  the  hawk  near-sighted. 

SECTION  IL-DEOEPTIOHS  OF  VISIOH. 

1729*  Why  cannot  we  count  the  posts  of  a  fence 
when  we  are  riding  rapidly  in  a  railroad-car  ? 

A.  Because  the  light  from  each  post  falls 
upon  the  eye  in  such  rapid  succession  that 
the  vibration  of  the  rays  of  light  from  one 
post  does  not  cease  until  the  rays  from  the  suc- 
ceeding post  fall  on  the  eye. 

1730*  How  can  the  apparent  magnitude  of  the  sun 
at  the  time  of  his  rising,  and  again  at  noonday,  be  mea- 
sured ? 

A.  This  may  be  accomplished  by  extend, 
ing  two  threads  of  fine  silk,  fastened  in  a 
frame,  parallel  to  each  other.  The  frame 
should  be  placed  in  such  a  position,  and  at 
such  a  distance  from  the  eye,  that,  when 
presented  to  the  sun  or  moon  in  the  horizon, 
the  threads  will  appear  exactly  to  touch  its 
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upper  and  lower  limb,  or,  in  other  words,  be 
just  sufficiently  separated  to  admit  of  the  disk 
of  the  sun  or  moon  to  appear  between  them 
and  touch. 

Now,  if  the  sun  or  moon  be  viewed  in  the 
same  manner  at  noonday,  it  will  be  found 
that  they  are  just  far  enough  apart  to  admit 
of  the  disk  between  them, — showing  that  the 
apparent  increased  magnitude  at  rising  and 
setting  is  an  optical  deception,  or,  rather,  an 
error  in  judgment. 

1731*  If  you  move  a  stick  burning  at  one  end  pretty 
briskly  around,  it  seems  to  make  a  circle  of  fire :  why  is 
this? 

A.  Because  the  eye  retains  the  image  of 
any  bright  object  after  the  object  itself  is 
withdrawn ;  and,  as  the  spark  of  the  stick 
returns  before  the  image  has  faded  from  the 
eye,  it  seems  to  form  a  complete  circle. 

The  light  proceeding  from  the  stick  enters 
the  eye,  and  causes  certain  vibrations,  which 
are  so  exceedingly  rapid  that  the  action  of 
the  light  is  not  retarded  for  a  sufficient  length 
of  time  to  perceive  the  motion  of  the  stick. 

1732*  If  separate  figures  (as  of  a  man  and  a  horse)  be 
irawn  on  separate  sides  of  a  card,  and  the  card  twirled 
juiokly,  the  man  will  seem  to  bo  seated  on  the  horse : 
why  is  this  ? 

A.  Because  the  image  of  the  horse  re* 
noLains  upon  the  eye  till  the  man  appears. 

The  thaumatrope  is  constructed  on  this  principle. 
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CHAPTER   II.— REFRACTION. 
1733.  What  is  meant  by  refraction? 

A.  Bending  a  ray  of  light,  as  it  passes  fro**1 
one  medium  to  another. 

Fig.  38. 


Lie.  The  point  a,  the  eye,  it  then  moved  further  back,  so  that  tb« 
edge  or  the  bniin  obelrncU  the  direct  rays,  and  of  course  the  coin  It 
Do  longer  Ken.    If  an  attendant  carefully  pours  water  Into  the  baaia, 

rays  by  the  water,  the  imago,  indeed,  apiwaring  at  u  instead  of  at  m. 

1734>  Does  air  possess  the  property  of  refracting  light? 

A.  Yes :  the  more  dense  the  air,  the 
greater  is  its  refractive  power.  Conse- 
quently, that  portion  of  the  atmosphere  at 
the  earth's  surface  possesses  the  greatest  re- 
fractive power,  its  density  gradually  dimi- 
nishing, according  to  its  distance  from  the 
earth,  till  it  becomes  so  rare  as  scarcely  to 
produce  any  refraction  upon  light. 

1735.  How  is  a  ray  of  light  bent,  as  it  passes  from 
one  medium  to  another? 

A.  When    a   ray  of  light   passes    into  a 
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denser  medium,  it  is  bent  toward  the  perpen- 
dicular; when  it  passes  into  a  rarer  medium, 
it  is  bent  from  the  perpendicular. 


Fig.  39. 
D 


Fig.  40. 


Suppose  D  E  to  be  a  perpendicular  line. 

If  A  B  (a  ray  of  light)  enters  the  water,  it  will  be  bent  toward  the 
perpendicular  to  C. 

If,  on  the  other  hand,  C  B  (a  raj  of  light)  emerges  from  the  water, 
it  will  be  bent  away  from  the  perpendicular  toward  A. 

1736t  Why  does  an  oar  in  water  appear  bent? 

A.  Because  the  part  out  of  the  water  is 
seen  in  a  different  medium  to  the  part  in 
the  water;  and  the  rays  of  these  two  parts, 
meeting  together  at  the  surface  of  the  river, 
form  an  angle,  or,  in  other  words,  make  the 
oar  look  as  if  it  were  bent. 

As  all  rays  of  light  are  refracted  (or  bent)  more  in  their  passage 
through  water  than  in  their  passage  through  air,  they  will  tend  to  cross 
each  other  at  the  surface  of  the  water,  and,  of  course,  form  an  elbow 
or  angle. 

1737t  Why  does  a  spoon  in  a  glass  of  water  always 
appear  bent  ? 

A.  Because  the  light  reflected  from  the  spoon 
is  refracted  as  it  emerges  from  the  water. 

(See  Fig.  4C.)    The  spoon  ABC  will  appear  bent  like  A  B  D. 
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1738*  Why  does  a  river  always  appear  more  shallow 
than  it  really  is  ? 

A.  Because  the  light  of  the  bottom  of  the 
river  is  refracted  as  it  emerges  from  the 
water. 

(See  fig.  40.)  The  bottom  of  the  river  will  appear  elevated,  like 
the  bowl  of  the  spoon  D. 

1739*  How  much  deeper  is  a  river  than  it  seems  to 
be? 

A.  About  one-third.  If,  therefore,  a  river 
seems  only  four  feet  deep,  it  is  really  nearly 
six  feet  deep. 

The  exact  apparent  depth  would  be  4J.  To  find  the  real  depth, 
multiply  by  4  and  divide  by  3 :  thus,  4J  X  4  -*■  3  =  6,  real  depth. 

Many  boys  get  out  of  their  depth  in  bathing,  in  consequence  of 
this  deception.  Remember,  a  river  is  always  one-third  deeper  than  it 
appears  to  be :  thus,  if  a  river  seems  to  be  4  feet  deep,  it  is  in  reality 
nearly  6  feet  deep ;  and  so  on. 

1710*  Why  do  fishes  seem  to  be  nearer  the  surface 
of  a  river  than  they  really  are  ? 

A.  Because  the  rays  of  light  from  the  fish 
are  refracted  as  they  emerge  from  the  water : 
and,  as  a  bent  stick  is  not  so  far  from  end  to 
end  as  a  straight  one,  so  the  fishes  appear 
nearer  to  our  eye  than  they  really  are.  (See 
fig.  40.) 

1741*  Into  how  many  parts  may  a  ray  of  light  be 
divided  ? 

A.  Into  three  parts, — blue,  yellow,  and  red. 

These  three  colors,  by  combination,  make  seven : — 1.  Red  j  2.  Orange 
(or  red  and  yellow) ;  3.  Yellow ;  4.  Green  (or  yellow  and  blue) ;  5. 
Blue ;  6.  Indigo  (a  shade  of  blue)  ,*  and,  7.  Violet  (or  blue  and  red). 

1 742*  How  is  it  known  that  a  ray  of  light  consists 
of  several  different  colors  ? 
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A.  Because,  if  a  ray  of  light  be  cast  upon 
ft  triangular  piece  of  glass,  (called  a  prism,) 
it  will  be  distinctly  divided  into  seven  colors : 
— 1.  Red;  2.  Orange;  3.  Yellow;  4.  Green; 
5.  Blue ;  6.  Indigo ;  and,  7.  Violet. 

1743*  Why  does  a  prism  divide  a  ray  of  light  into 
various  colors  r 

A.  Because  all  these  colors  have  different 
refractive  susceptibilities.  Red  is  refracted 
least,  and  blue  the  most :  therefore  the  blue 
color  of  the  ray  will  be  bent  to  the  top  of  the 
prism,  and  the  red  will  remain  at  the  bottom. 


Pig.  41. 


Here  the  ray  A  B  (received  on  a  prism  at  B)  would  have  the  blue 
part  bent  up  to  C,  the  yellow  part  to  D,  and  the  red  part  no  farther 
thanE. 

Fig.  42. 


Indigo...*.. 

OR6B  •••••• 

Orange  •••• 
Yellow .... 


Bed 


!•—•»—• 


The  separation  of  a  ray  of  solar  light  into  different  colors  by  re- 
fraction may  be  more  accurately  displayed  by  admitting  a  ray  through 
an  aperture  in  a  window-shutter  into  a  darkened  chamber,  and  causing 
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_«      a  ^H...  prism  ABC,  as  represented  in  the  pre- 

'"  AttjD  tta*  entering,  and  suffered  to  pass  unob- 

n  ea  a  plane  surface  a  circular  disk  of  white  light 

Ittw  to  placed  that  the  ray  may  enter  and  quit  it 

■31  St  refracted  in  such  a  manner  as  to  form  on  i 

an  oblong  image,  called  the  solar  spec- 

_  hsnsoatally  into  seven  colored  spaces  or  bands  of 

gaeceeding  each  other  in  the  order  represented  :— 

V  gveen,  blue,  indigo,  violet, 

j^t  the  colored  rays,  once  separated  and  re- 
tJbe  prism,  capable  of  being  separated  and  re- 


Jl  Tfc^J" are  no^  ^^  are  hence  designated 
colors. 


What  is  meant  by  the  refraction  of  a  ray  ? 

jL  Bending  it  from  its  straight  line. 

,^^£1  fay  A  B  of  fig.  41  is  refracted  at  B  into  three  counet, 
ijH  What  is  a  rainbow  ? 

I.  The  rainbow  is  a  semicircular  band  or 
kV%  composed  of  the  different  colors  generally 
■vtibited  upon  the  clouds  during  the  occur- 
^v  of  rain  in  sunshine. 

|J47«  What  is  the  cause  of  a  rainbow  ? 

;V.  When  the  clouds  opposite  the  sun  are 
>*rv  dark,  and  rain  is  still  falling  from  them, 
<W  rays  °f  the  sun  are  divided  by  the  rain- 
jp>ps  as  they  would  be  by  a  prism. 

V#t  A,  B,  and  C  (fig.  43)  be  three  drops  of  rain ;  S  A,  S  B,  and  S  C, 
I  rays  of  the  sun.     S  A  is  divided  into  the  three  colors ;  the  blue 
yellow  are  bent  above  the  eye  D,  and  the  red  enters  it. 
Iffct  ray  S  B  is  divided  into  the  three  colors ;  the  blue  is  bent  above 
I  eye,  and  the  red  falls  below  the  eye  D,  but  the  yellow  enters  it. 


The  ray  B  C  is  also  divided  into  the  three  colon.  The  bine  (which 
li  bent  moil)  enters  the  eye  •  and  the  other  two  fUl  below  it.  Thus, 
the  eye  joes  the  blue  of  C,  lad  of  all  drops  in  the  position  or  C;  the 
yellow  of  B,  and  of  ell  drops  in  the  position  of  B ;  ud  the  red  of  A, 
end  of  ell  drops  in  the  position  of  A :  and  thus  it  aeea  a  rainbow.      « 

1748.  Does  every  person  see  the  same  colors  from  tha 
same  drops  ? 

A.  No :  no  two  persons  see  the  same  rain- 
bow. 

To  another  spectator,  the  rayi  from  S  B  might  be  red  instead  of  yel- 
low; the  raj  from  B  C,  yellow  ;  and  the  blue  might  be  reflected  from 
Mme  drop  below  C.  To  a  third  person,  the  red  might  iiiue  from  a 
drop  aboTO  A,  and  then  A  would  reflect  the  yellow,  B  the  blue,  and 


17».  Why  a 

me? 


i  there  often  two  rainbows  at  the  same 


A.  The  first  (or  primary)  bow  is  formed  by- 
two  refractions  of  the  solar  ray  and  one  re- 
flection, the  rays  of  the  sun  entering  the 
drops  at  the  top  and  being  reflected  to  the 
eye  from  the  bottom.    (See  figs.  44,  45.) 
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Fig.  44. 


ray  of 
to  the 


Thus,  in  fig.  44,  the  ray  S  A  of  the 
primary  rainbow  strikes  the  drop  *t 
A,  is  refracted  or  bent  to  B,  the  back 
part  of  the  inner  surface  of  the  drop, 
then  refracted  to  C,  the  lower  part  of 
the  drop,  whan  it  it  refracted  again, 
and  so  bent  as  to  come  directly  to 
the  eye  of  the  spectator. 

The  secondary  (or  outer)  bow  ii 
produced,  on  the  contrary,  by  two 
refractions  and  two  reflections,  tbo 
light  entering  the  drops  from  the  bottom  and  being  reflected 
eye  from  the  top. 
Fig.  45. 


Thus,  in  fig.  45,  the  ray  S  B  of 
the  secondary  bow  strikes  the  bot- 
tom of  the  drop  at  B,  is  refracted  to 
A,  is  then  reflected  to  C,  is  again 
reflected  to  D,  when  it  is  again  re- 
fracted or  bent,  till  it  reaches  the 
eye  of  the  spectator. 


1750*  Why  are  the  colors  of  the  second  bow  reversed? 

A.  Because  in  one  bow  we  see  the  rays 
which  enter  at  the  top  of  the  rain-drops  re- 
fracted from  the  bottom;  but  in  the  other 
bow  we  see  the  rays  which  enter  at  the  bottom 
of  the  rain-drops  (after  two  reflections)  re- 
fracted from  the  top. 

(See  fig.  46.)  Here  ABC  represents  three  drops  of  rain  in  the 
secondary  (or  upper)  rainbow. 

The  least  refracted  line  is  red,  and  blue  the  most 

So  the  red  (or  least  refracted  rays)  of  all  the  drops  in  the  position 
of  A — the  yellow  of  those  in  the  position  of  B — and  the  blue  (or  the 
moat  refracted  rays)  of  the  lowest  drops,  all  meet  the  eye  D,  and  form 
a  rainbow  to  the  spectator. 

The  reason  why  the  primary  bow  exhibits  the  stronger  colors  is  that 
the  colors  are  seen  after  one  reflection  and  two  refractions ;  but  the 
colors  of  the  secondary  (or  upper)  rainbow  undergo  two  reflections 
and  two  refractions. 
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*    1751.  Why  does  a  soap-bubble  exhibit  such  a  variety 
■  t  colors  ? 

'   A.  Because  the  thickness  of  the  film  through 
which  the  rays  pass  is  constantly  varying. 

1752.  How  does  the  thickness  of  the  film  affect  the 
SoJor  of  the  soap-bubble  ? 

A.  Different  degrees  of  thickness  in  the 
film  produce  different  powers  of  refraction ; 
and,  as  the  thickness  of  the  film  varies,  dif- 
ferent colors  reach  the  eye. 

1753*  Why  is  a  soap-babble  constantly  changing  its 
LUeknejtf 

A.  Because  the  water  runs  down  from  the 
top  to  the  bottom  of  the  bubble,  till  the  crown 
becomes  so  thin  as  to  burst. 

1754a  Why  are  the  late  evening  clouds  red  ? 

A.  Because  red  rays,  being  the  least  re. 
frangible,  are  the  last  to  disappear. 


n  tba  direction 
tutor  standing  nl  C  or  B  (t'nrrL'iI 
lose  sight  of  the  rail  rnjs  (A)  lust  ol  ail. 

1755.  Why  are  the  early  morning  clouds  red? 

A.  Because  red  rays,  being  the  least  re- 
frangible, are  the  first  to  appear. 


«  fig.  47.) 
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rev  a  will  be  ted. 

1756.  Why  does  the  sun  look  red  in  a  fog  ? 

A.  Because  red  rays  have  a  greater  mo- 
mentum than  any  other  rays ;  and  this  supe- 
rior momentum  enables  them  to  penetrate 
the  dense  atmosphere  more  readily  than 
either  blue  or  yellow  rays,  which  are  either 

(orbed  or  reflected  by  the  fog. 

:   luminous 


Because  the  body  of  vapor  is  thinnest 
edges  of  the  clouds. 
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1758*  Why  is  it  light  when  the  sky  is  covered  with 
thick  clouds  ? 

A.  Although  the  sun's  rays  are  refracted 
and  absorbed  in  a  measure  by  the  clouds,  a 
sufficient  number  reach  the  earth  to  give 
light. 

1759*  What  is  the  cause  of  morning  and  evening 
twilight  ? 

A.  When  the  sun  is  below  the  horizon,  the 
rays  which  strike  upon  the  atmosphere  or 
clouds  are  bent  down  toward  the  earth,  and 
produce  a  little  light,  called  twilight. 

(See  fig.  47.)    Here  the  rays  of  P  A  will  give  some  light 

1760*  Sometimes  ships  are  distinctly  seen  by  an  ob- 
server on  shore  before  they  are  actually  above  the  horizon  s 
explain  this. 

A.  This  is  owing  to  the  refracting  power 
of  the  atmosphere  at  the  time.  The  differ- 
ent strata  of  air  being  of  unequal  density, 
the  rays  of  light  from  the  ship  to  the  eye 
of  the  observer  are  bent  in  a  curve  ;  so  that 
the  vessel  is  visible  before  it  is  really  above 
the  horizon. 

It  is  owing  to  this  refracting  power  of  the  atmosphere  that  the  sun 
appears  to  us  before  he  rises,  and  that  we  see  him  after  he  has  actually 
set 

1761*  Can  you  relate  how  Captain  Scoresby,  when 
navigating  the  Greenland  Seas,  saw  a  ship  at  a  great 
distance  below  the  horizon  ? 

A.  He  saw  the  inverted  image  of  a  ship  in 
the  air,  although  it  was  below  the  horizon, 
and  on  observing  it  attentively  he  discovered 
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it  to  bo  hia  father's  ship  Fame,  which  at  that 
moment  was  seventeen  miles  below  the  hori- 
zon, and  thirty  miles  distant. 

1762.  How  can  you  account  for  the  inverted  imag* 
of  the  ship  ?  Why  did  he  not  see  it  in  its  proper  posi- 
tion, witn  its  hull  next  the  water  t 

A.  In  this  instance  the  stratum  of  air 
nearest  the  earth's  surface  was  less  dense 
than  that  immediately  above  it,  and  there- 
fore the  refractive  power  of  the  upper  stratum 
was  greater  than  that  of  the  lower. 

Dr.  Kane  mentions  n  beautiful  display  of  refraction  la  the  Aretk 
NgiOH,  when  the  coast  thirty  miles  uff  was  seeu  to  assume  the  moat 
[autistic  shapes. 

17S3.  Why  does  mother-of-pearl  show  so  many 
colors  ? 

A.  Mother-of-pearl  consists  of  a  vast  num- 
ber of  very  thin,  half-transparent  layers  of  un- 
equal thickness,  overlapping  each  other  like 
the  scales  of  a  fish. 

Where  these  layers  terminate,  there  are 
very  small  grooves  or  streaks  running  in  all 
directions,  which  act  like  prisms. 

It  is  these  streakings,  or  grooves,  which 
cause  the  various  and  changing  colors  of 
mother-of-pearl. 

The  same  thing  may  very  easily  be  imitated,  and  is  freqnenlly  doni 
in  what  are  called  "iris  ornaments,"  first  iaveuted  by  John  Barton, 
Esq.,  of  the  Royal  Mi.it,  Em-land.  These  iris  ornaments  are  mode 
of  sled,  and  hare  about  30,000  grooves  per  inch  ;  they  are  used  foi 
buttons,  sword-handles,  etc.,  and  are  very  brilliant. 

Mother-of-pearl  may  also  be  imitated  by  tailing  impfe*jlc.n«  of  it  in 
wax,  balsam  of  tola,  isinglass,  or  gum:  thew  impre«.  y ;  'i,L  Mhibit 
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all  the  shades  and  colors  of  mother-of-pearl,  merely  because  the  im. 
pression  will  be  streaked  or  grooved  in  a  similar  way. 

1764*  Why  do  the  stars  twinkle? 

A.  Because  the  inequalities  and  undulations 
in  the  atmosphere  produce  unequal  refractions 
of  light ;  and  these  unequal  refractions  cause 
the  twinkling  or  irregular  brilliancy  of  the 
stars. 

1765*  Why  do  stars  twinkle  more  than  usual  just 
previous  to  a  rain  ? 

A.  Because  the  air  is  unequally  filled  with 
vapor,  which  offers  constant  and  unequal  ob- 
structions to  the  passage  of  the  rays  of  light. 

1766*  Why  are  some  things  transparent? 

A.  Because  every  part  between  the  two  sur- 
faces has  a  uniform  refracting  power,^— in  other 
words,  has  in  every  place  the  same  density; 
and  therefore  the  rays  of  light  emerge  on  the 
opposite  side. 

1767*  Why  are  some  things  not  transparent? 

A.  Because  the  particles  which  compose 
them  are  separated  by  minute  pores  or  spaces, 
which  have  a  different  density  from  the  par- 
ticles themselves  :  therefore  the  rays  of  light 
are  reflected  and  refracted  too  often  to  emerge. 

1 768»  Why  are  dry  paper  and  calico,  which  are  opaque,, 
made  transparent  by  being  oiled  ? 

A.  Because  the  pores  are  filled  by  the  oil, 
which  has  nearly  the  same  density  as  the  sub- 
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stance  of  the  paper  itself, — by  which  means 
a  uniform  density  is  effected,  and  the  sub- 
stance becomes  transparent. 

1769*  Why  is  glass,  which  is  transparent,  rendered 
opaque  by  being  ground  or  pulverized  ? 

A.  Because  the  whole  substance  from  sur- 
face to  surface  is  no  longer  of  a  uniform 
density. 


CHAPTER  III.— REFLECTION. 
1770.  What  is  meant  by  reflection  of  light? 

A.  Reflection,  in  Optics,  means  the  re- 
bounding of  light  from  the  surfaces  on  which 
it  falls. 

1771*  An  object  in  the  shade  is  not  so  bright  and 
apparent  as  an  object  in  the  sun  :  why  is  it  not  ? 

A.  Because  objects  in  the  shade  are  seen 
by  reflected  light  reflected ;  that  is,  the  light 
is  twice  reflected ;  and,  as  the  rays  of  light 
are  always  absorbed  in  some  measure  by 
every  substance  on  which  they  fall,  some 
light  is  lost, — 1st,  before  the  second  reflection 
is  made,  and,  2d,  in  the  object  that  makes 
the  second  reflection. 

Part  of  the  rays  are  absorbed,  and  part  are  scattered  in  all  direc- 
tions by  irregular  reflections ;  so  that  rarely  more  than  half  is  re- 
flected, even  from  the  most  highly-polished  metals. 

1772*  If  a  picture  be  highly  varnished,  or  covered 
with  a  glass,  it  cannot  be  seen  in  certain  positions :  why 
not? 
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A.  1st.  Because  the  glass  or  varnish  is 
a  reflector ;  and,  whenever  a  strong  light  is 
reflected  from  the  glass  to  the  eye  of  the 
spectator,  the  glass  or  varnish  becomes  very 
luminous,  and  the  picture  remains  in  com- 
parative darkness ;  and, 

2d.  When  the  spectator  is  so  placed  as 
to  catch  the  rays  of  light  reflected  from  the 
glass  or  varnish,  his  eye  is  dazzled  and  cannot 
see  the  more  faintly  illuminated  picture. 

1773§  Why  do  you  see  the  reflection  of  two  candles, 
or  two  fires,  in  a  looking-glass  or  window-pane,  though 
there  be  only  one  candle  or  fire  in  the  room  ? 

A.  Because  each  surface  of  the  looking- 
glass  or  window-pane  makes  a  reflection. 

In  order  to  get  these  two  reflections,  you  must  not  stand  directly 
before  the  glass,  but  a  little  on  one  side. 

1774#  Why  is  the  shadow  of  the  moon  stronger  than 
the  shadow  of  the  sun  ? 

A.  Because  the  light  of  the  moon  is  not 
so  strong  as  the  light  of  the  sun ;  in  conse- 
quence of  which,  the  dispersed  and  reflected 
rays  of  the  moon  cannot  reduce  the  opacity 
of  shadow  so  much  as  the  more  intense  rays 
of  dispersed  and  reflected  daylight. 

"  The  opacity  of  shadow/' — that  is,  the  darkness  of  shadow. 

1775#  Why  is  an  ink-spot  on  linen  black  when  first 
made? 

A.  Because  the  ink  produces  a  chemical 
change  in  the  internal  condition  of  the  fibres 
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ot'  the  linen,  by  which  it  losea  its  power  of 
retteeting  light;  and,  as  it  absorbs  the  raja 
of  ttio  sun,  the  spot  seems  black. 

Th*  black  eolur  of  ink  ii  ■  compound  or  tannic  icid,  Btjquioiidi 

1778.  Why  docR  the  black  ink-spot  on  linen  torn 
yellow  after  a  few  days  ? 

A.  Because  the  compound  which  composes 
the  blackness  of  ink  is  destroyed  by  expo- 
sure to  air ;  and  the  linen  partially  recovers 
its  power  of  reflecting  colors,  but  with  a  pre- 
ference to  yellow  rays. 

Thi>  tannic  acid 

I777<  What  surfaces  reflect  light  best? 
A.  Smooth  and  polished  surfaces  are  the 
best  reflectors  of  light, 

1778i  Glass  is  a  smooth  and  polished  surface :  is  it  a 
good  reflector  of  light? 

A.  Glass  is  transparent,  and  therefore 
transmits  light;  but  if  one  of  its  surfaces  be 
covered  with  amalgam,  the  light  cannot  pass 
through  it,  and  is  consequently  reflected. 

I779>  Why  are  some  substances  shining,  and  others 

dull? 

A.  Because  some  substances  reflect  rays, 
and  are  bright,  but  others  absorb  them. 
1780.  Why  do  deserts  dazzle  from  sunshine  ? 

Because  each  grain  of  sand  reflects  the 
of  the  sun  like  a  mirror. 
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CHAPTER  IV.— COLOR. 

1781*  Why  is  a  ray  of  light  composed  of  various 
colors? 

A.  To  vary  the  color  of  different  objects. 
If  solar  light  were  of  one  color  only,  all  ob- 
jects would  appear  of  that  one  color,  or  else 
black. 

1782*  Some  things  are  of  one  color,  and  some  of 
another:  explain  the  cause  of  this. 

A.  Every  ray  of  light  is  composed  of  all 
the  colors  of  the  rainbow,  and  some  substances 
reflect  one  of  these  colors,  and  some  another. 

1783#  Why  do  some  substances  reflect  one  color,  and 
some  another  ? 

A.  Because  the  surfaces  are  differently  con- 
structed, both  physically  and  chemically. 

1784*  Why  is  a  rose  red  ? 

A.  Because  the  surface  of  a  rose  absorbs 
the  blue  and  yellow  rays  of  light,  and  reflects 
only  the  red. 

1785*  Why  are  some  things  black? 

A.  Because  they  absorb  all  the  rays  of 
light,  and  reflect  none. 

1786*  Why  are  some  things  white  ? 

A.  Because  they  absorb  none  of  the  rays 
of  light,  but  reflect  them  all. 
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1787#  Why  ere  the  leaves  of  plants  green  T 

A.  Because  a  peculiar  chemical  principle, 
called  chlorophyll,  formed  within  their  cells, 
has  the  property  of  absorbing  the  red  rays 
and  of  reflecting  the  blue  and  yellow, — - 
which  mixture  produces  green. 

Chlorophyll   (x^topop  $vXXov,  (chloron  phullon,)  a  green  leaf)  is  the 
green  matter  of  vegetable  substances. 

1788#  Why  are  leaves  light-green  in  spring? 

A.  Because  the  chlorophyll  is  not  folly 
formed. 

1789#  Why  do  leaves  turn  brown  in  autumn  ? 

A.  Because  the  chlorophyll  undergoes 
decay,  and  is  not  replaced  as  it  is  in  the 
spring. 

1790#  Why  do  the  lustres  of  a  chandelier  seem 
tinted  with  various  brilliant  colors  ? 

A.  Because  each  "drop"  of  the  chande- 
lier is  so  cut  as  to  act  like  a  prism.  It  de- 
composes the  light,  and  reflects  the  different 
rays  from  its  different  points  or  angles. 

1791*  Why  do  all  things  appear  black  in  the  dark? 

A.  In  the  dark  there  is  no  color,  because 
there  is  no  light  to  be  absorbed  or  reflected, 
and,  therefore,  none  to  be  decomposed. 

"  Colors  are  but  phantoms  of  the  day : 
With  that  they're  bom,  with  that  they  fade  away: 
Like  beauty's  charms»  they  but  amuse  the  sight. 
Dark  in  themselves,  till  by  reflection  bright. 
With  the  sun's  aid,  to  rival  him  they  boast, 
But,  light  withdrawn,  in  their  own  shades  are  lost," 
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Of  course,  in  certain  degrees  of  darkness  all  objects  are  actually  in- 
risible.  The  question  refers  to  that  peculiar  degree  of  darkness  when 
the  forms  of  objects  may  be  seen,  but  not  their  hues. 

1792#  Why  does  a  blue  dress  appear  green  by  candle- 
light? 

A.  Because  the  light  of  a  candle  is  tinged 
with  yellow ;  and  this  yellow  tinge,  mixing 
with  the  blue  color  of  the  dress,  produces 
green. 

1793#  Why  are  some  plants  white  which  are  kept  in 
the  dark  ? 

A.  Because  chlorophyll  can  be  formed  only 
by  the  agency  of  the  sun's  rays ;  and  it  is 
this  peculiar  chemical  principle  which  gives 
the  green  tinge  to  healthy  leaves  and  plants. 

Some  plants  are  yellowish  green  from  the  same  cause. 

1794*  Why  does  the  sun  generally  fade  artificial 
colors? 

A.  Generally,  the  loss  of  color  arises  from 
the  oxidation  of  the  substances  used  in  dye- 
ing ;  as  tarnish  and  rust  are  an  oxidation  of 
metals. 

Sometimes,  however,  the  ingredients  of  the 
dye  are  otherwise  decomposed  by  the  sun ; 
and  the  color  (which  is  due  to  a  combination 
of  ingredients)  undergoes  a  change  as  soon 
as  the  sun  deranges  or  destroys  that  combina- 
tion. 

1795*  If  we  look  at  a  red-hot  fire  for  a  few  minutes, 
why  does  every  thing  seem  tinged  with  a  bluish-green 
color  ? 


A.  Because  bluish  green  ia  the  "accidental 
color"  of  red ;  and  if  we  fix  our  eye  upon 
any  color  whatsoever,  we  see  every  object 
tinged  with  its  accidental  color  when  we  turn 
aside. 


iduutiil  col, 

r  of  red  h  bluish  green. 

yellow  ia  dark  violet, 
l^-eeii  18  reddish  vii.L'i. 

blue  is  orange  red. 

indigo  la  orange  yello" 

violet  is  yellow  green, 
block  is  white, 
white  U  black. 

A.  Because  the  nerve  of  the  eye  has  be- 
come tired  of  the  one,  but  still  remains  fresh 
for  the  perception  of  the  other. 

1797.  If  we  wear  blue  glasses,  why  does  every  tiling 
appear  tinged  with  orange  when  we  take  them  off? 

A.  Because  orange  is  the  "accidental  color" 
of  blue;  and  if  we  look  through  blue  glasses, 
we  shall  see  its  "accidental  color"  when  we 

lay  our  glasses  aside. 

1798.  If  we  look  at  the  sun  for  a  few  moments,  every 
thing  seems  tinged  with  a  dark  violet  color:  why  is  this? 

A.  Because  dark  violet  is  the  "accidental 
color"  of  yellow;  and,  as  the  sun  is  yellow, 
we  shall  see  its  "  accidental  color,"  dark  violet, 
when  we  turn  from  gazing  at  it. 
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1799#  Does  not  the  dark  shadow  which  seems  to  hang 
over  every  thing  after  we  turn  from  looking  at  the  sun 
arise  from  our  eyes  being  dazzled  ? 

A.  Partly  so :  the  pupil  of  the  eye  is  very 
much  contracted  by  the  brilliant  light  of  the 
sun,  and  does  not  adjust  itself  immediately  to 
the  feebler  light  of  terrestrial  objects ;  but, 
independent  of  this,  the  "  accidental  color" 
of  the  sun,  being  dark  violet,  would  tend  to 
throw  a  shadow  upon  all  things.    (See  Q.  1 7  9 1 .) 

The  law  of  accidental  color  is  this : — The  accidental  color  is 
always  half  the  spectrum.  Thus,  if  we  take  half  the  length  of  the 
spectrum  by  a  pair  of  compasses,  and  fix  one  leg  in  any  color,  the 
other  leg  will  hit  upon  its  accidental  color. 

The  spectrum  means  the  seven  colors,  (red,  orange*  yellow,  green, 
blue,  indigo,  and  violet)  divided  into  seven  equal  bands,  and  placed 
aide  by  side  in  the  order  just  mentioned. 


PAKT  VII. 

SOUND,  AND  ATTRACTION. 


CHAPTER  I.— TRANSMISSION  OF  SOUND. 

1800.  How  is  sound  produced? 

A.  The  vibration  of  some  sonorous  sub- 
stance produces  motion  in  the  air,  called 
sound-waves,  which  strike  upon  the  ear  and 
give  the  sensation  of  sound. 

1801.  How  fast  does  sound  travel? 

A.  About  13  miles  in  a  minute,  or  1125 
feet  in  a  second  of  time. 

and  iho  whole  earth  while  sound  nat 


1802.  What  are  sonorous  bodies? 

A.  Bodies  which  produce  sound  are  called 
sonorous  bodies. 

1803.  Why  are  some  things  sonorous,  and  others  not  ? 
A.  The  sonorous  quality  of  any  substance 

depends  upon  its  hardness  and  elasticity. 

1804.  What  surfaces  are  best  adapted  for  the  transmit 
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A.  Smooth  surfaces,  such  as  ice,  water,  or 
hard  ground. 

1805*  What  plan  do  savages  adopt  to  hear  the  ap- 
proach of  an  enemy  or  beasts  of  prey  ? 

A.  They  place  their  ears  to  the  ground, 
and  by  this  means  can  distinguish  clearly  the 
approach  of  an  enemy. 

1806*  Why  do  windows  rattle  when  carts  pass  by 
a  house  ? 

A.  1st.  Because  glass  is  sonorous,  and  the 
air  communicates  its  vibrations  to  the  glass, 
which  echoes  the  same  sound ;  and, 

2d.  The  window-frame  being  shaken,  con- 
tributes to  the  noise. 

Window-frames  are  shaken — 1.  By  sound-waves  impinging  against 
them ;  2.  By  a  vibratory  motion  communicated  to  them  by  the  walls 
tf  the  house. 

1807*  Why  are  copper  and  iron  sonorous,  and  not  lead  ? 

A.  Copper  and  iron  are  hard  and  elastic ; 
•but,  as  lead  is  neither  hard  nor  elastic,  it  is 
not  sonorous. 

1808.  Of  what  is  bell-metal  made  ? 

A.  Of  copper  and  tin. 

1809*  Why  is  a  mixture  of  tin  and  copper  used  for 
bell-metal  ? 

A.  Because  it  is  much  harder  and  more 
elastic  than  either  of  the  pure  metals. 

1810*  Why  do  we  hear  a  hell  if  it  be  struck  ? 

A.  The  bell  vibrates,  and  in  its  agitation 

34 
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compresses  the  air  to  a  certain  distance 
around  it,  at  each  vibration.  The  com- 
pressed air  instantly  expands,  and  in  doing 
bo  repeats  the  pressure  on  the  air  nest  in 
contact  with  it,  and  so  on, — as  a  pebble 
thrown  into  still  water  makes  waves  all 
around  it, — diminishing  in  force  the  more 
distant  they  are  from  *he  original  stroke. 
The  air  thus  agitated  reaches  the  ear,  where 
a  similar  impulse  is  given  to  a  very  delicate 
membrane,  and  the  mind  then  receives  the 
impression  of  sound. 

Is]  | .  How  can  n  bell,  which  is  solid,  be  said  to 
vibrate  ? 

A.  Although  the  metal  of  which  the  bell 
is  composed  is  solid,  it  actually  changes  its 
form  every  time  it  is  struck,  and  its  particles 
are  thereby  thrown  into  motion. 

1812.  Why  is  the  sound  of  a  bell  stopped  by  touch 
ing  the  bell  with  our  fii.gec? 

A.  Because  the  weight  of  our  finger  stops 
the  vibrations  of  the  bell ;  and  as  soon  as 
the  bell  ceases  to  vibrate,  it  ceases  to  make 
sound-waves  171  the  air. 

1813.  After  diking  a  finger-glass,  why  is  the  sound 
silenced  upon  touching  the  glass  with  the  finger  7 

A.  Because  the  pressure  of  the  finger 
stops  the  vibrations  of  the  glass ;  and  as 
soon  as  the  finger-glass  cease3  to  vibrate,  it 
eases  to  make  sound-waves  in  the  air. 
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1814*  Why  does  a  split  bell  make  a  harsh,  disagree- 
able sound  ? 

A.  Because  the  split  of  the  bell  causes  a 
double  vibration ;  and,  as  the  sound-waves 
clash  and  jar,  they  impede  each  other's  mo- 
tion and  produce  discordant  sounds. 

1815*  Why  can  persons  living  a  mile  or  two  from  a 
town  hear  the  bells  of  the  town-churches  sometimes,  and 
not  at  others? 

A.  Because  fogs,  rain,  and  snow  obstruct 
the  passage  of  sound  by  interfering  with  the 
undulations  of  the  sound-waves;  but  when 
the  air  is  cold  and  clear,  sound  is  propagated 
more  easily. 

1816§  Why  can  we  hear  distant  clocks  most  distinctly 
in  clear,  cold  weather? 

A.  Because  the  air  is  of  more  uniform  den- 
sity, and  there  are  fewer  currents  of  air  of 
unequal  temperature  to  interrupt  the  sound- 
waves. 

Besides,  dense  air  can  propagate  sound-waves  more  readily  than 
rarer  air. 

1817*  Why  can  persons  near  the  poles  hear  the  voices 
of  men  in  conversation  for  a  mile  distant  in  winter- 
time? 

A.  Because  the  air  is  very  cold,  clear,  and 
still ;  in  consequence  of  which,  there  are  but 
few  currents  of  air  of  unequal  temperature 
to  interrupt  the  sound-waves. 

'  Captain  Boss  heard  the  voices  of  his  men  in  conversation  a  mile 
and  a  half  from  the  spot  where  they  stood. 
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1818.  Why  are  not  sounds  such  as  those  of  distant 
church  -bells  heard  ho  distinctly  on  a  hot  day  as  in  frostj 
weather  ? 

A.  1st.  Because  the  density  of  the  air  is 
less  uniform  in  very  hot  weather; 

2d.  The  air  is  more  rarefied,  and,  conse- 
quently, a  worse  conductor  of  sound ;  and, 

3d.  It  is  more  liable  to  accidental  cur- 
rents, which  impede        progress  of  sound. 

1819*  How  do  you  know  that  rarefied  air  cannot 
transmit  sound  so  well  as  dense  air? 

A.  Because  the  sound  of  a  bell  in  the  re- 
ceiver of  an  air-pump  can  scarcely  be  heard 
after  the  air  has  been  partially  exhausted ; 
and  the  report  of  a  pistol  fired  on  a  high 
mountain  would  be  scarcely  audible. 


A.  Because  the  density  of  the  air  is  very 
suddenly  diminished,  and  therefore  its  power 
to  transmit  sound  is  diminished  also ;  in  con- 
sequence of  which,  the  roar  of  the  sea  is  lesa 
audible,  and  seems  like  heavy  sighs. 

1821.  Why  is  the  air  so  universally  quiet  just  pre- 
vious to  a  tempest? 

A.  Because  the  air  is  suddenly  and  very 
greatly  rarefied,  and  therefore  its  power  to 
+Mnsmit  sound  is  diminished. 

!>  Why  do  we  hear  sounds  better  by  night  than 
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A.  1st.  Because  night  air  is  of  more  uni- 
form density,  and  less  liable  to  accidental  cur- 
rents; and, 

2d.  Night  is  more  still,  from  the  suspen- 
sion of  business. 

1823*  Why  is  the  air  of  more  uniform  density  by 
night  than  it  is  by  day  ? 

A.  Because  it  is  less  liable  to  accidental 
currents;  inasmuch  as  the  breezes  (created 
by  the  action  of  the  sun's  rays)  generally  cease 
during  the  night. 

1824*  How  should  partition-walls  be  made,  in  order 
to  prevent  the  voices  in  adjoining  rooms  from  being 
heard? 

A.  The  space  between  the  laths  should 
be  filled  with  shavings  or  saw-dust ;  and  then 
no  sound  would  ever  pass  from  one  room  to 
another. 

1825*  Why  would  shavings  or  saw-dust  prevent  the 
transmission  of  sound  from  room  to  room  ? 

A.  Because  there  would  be  several  differ- 
ent media  for  the  sound  to  pass  through : — 
1st,  the  air;  2d,  the  laths  and  plaster;  3d, 
the  saw-dust  or  shavings;  4th,  lath  and 
plaster  again;  5th,  the  air  in  the  adjoining 
room:  every  change  of  medium  diminishes 
the  strength  of  the  sound-waves. 

1826*  Why  can  deaf  people  hear  through  an  ear- 
trumpet  ? 

.  A..  Because  the  ear-trumpet  contracts  the 

3i* 
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diameter  of  the  sound-waves ;  in  consequence 
of  which,  their  strength  is  increased. 

1827.  What  is  a  stethoscope  ? 

A.  It  is  an  instrument,  resembling  a  small 
trumpet,  used  for  ascertaining  the  action  of 
the  lungs.  The  wide  mouth  is  applied  to 
the  body,  and  the  other  end  is  held  to  the 
ear  of  the  physician,  who  can  hear  distinctly 
the  action  of  the  lungs,  and  judge  whether 
they  be  healthy  or  the  reverse. 

1828.  Why  does  sound  seem  louder  in  caves  than  on 
a  plain  ? 

A.  Because  the  sides  of  the  cave  confine 
the  sound-waves  and  prevent  their  spreading; 
in  consequence  of  which,  their  strength  is 
greatly  increased. 

1829>  Why  are  the  summits  of  high  mountains  mora 
quiet  than  plains? 

A.  Because  the  air  is  greatly  rarefied  at 
some  distance  above  the  general  surface  of 
the  earth,  and,  as  the  air  becomes  rarefied, 
sound  becomes  less  intense. 

1830.  How  do  you  know  that  the  rarity  of  air  dimi- 
nishes the  intensity  of  sound  ? 

A.  If  a  bell  he  rung  in  the  receiver  of 

an  air-pump,  the  sound  becomes  fainter  and 

ainter  as  the  air  is  exhausted,  till  at  last 

.  is  almost  inaudible. 

1831*  A  person  situated  at  the  extremity  of  a  to» 
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600  feet  in  length  will  bear  the  same  sound  twice.     Ex- 
plain  this. 

A.  The  sound  is  transmitted  through  the 
wire  and  through  the  air ;  but  the  air  is  not 
so  good  a  conductor  of  sound  as  the  iron 
wire :  therefore,  while  it  passes  along  the 
wire  almost  instantaneously,  it  requires  some 
time  to  travel  the  same  distance  through  air. 

1832*  Can  sound  he  heard  through  water? 

A.  Yes :  a  bell  rung  under  water  can  be 
heard  above ;  and  if  the  head  of  the  auditor 
be  under  water  at  the  time,  it  can  be  still 
more  distinctly  heard.  It  is  not,  however, 
so  loud  and  clear  as  when  rung  in  the  air. 

1833*  If  from  an  eminence  you  look  down  upon  a 
long  column  of  soldiers  marching  to  a  hand  of  music  in 
front,  those  in  the  rear  will  be  seen  to  step  a  little  later 
than  those  some  distance  before  them.  Can  you  explain 
the  reason  of  this  ? 

A.  Each  rank  steps,  not  when  the  sound 
is  made,  but  when,  in  its  progress  down  the 
column  at  the  rate  of  1125  feet  in  a  second 
of  time,  it  reaches  their  ears.  Those  who 
are  near  the  music  hear  it  first,  while  those 
at  the  end  of  the  column  must  wait  until  it 
has  travelled  ito  their  ears  at  the  above  rate. 

1834*  Why  does  a  railway-train  make  more  noise 
when  it  passes  over  a  bridge  than  when  it  runs  over  solid 
ground? 

A.  Because  the  bridge  is  elastic,  and  vi- 
brates much  more   from  the  weight  of  the 
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train  than  the  solid  earth;  in  consequence  1® 
of  which,  it  produces  more  definite  sound-  JL 
waves. 

The  bridge  acts  as  a  sounding-board ;  and  the  water  or  earth  below 
the  bridge  repeats  the  sound. 

1835.  Why  can  sounds  be  heard  in  a  calm  day  at* 
greater  distance  on  the  sea  than  on  land  ? 

A.  1st.  Because  the  air  over  the  sea  i* 
generally  denser  and  more  laden  with  moist* 
ure  than  the  air  over  the  land ; 

2d.  The  density  is  more  uniform ;  and, 
3d.  Water  being  more  elastic  than  land,  i- 
is  a  better  propagator  of  sound. 

SEOTIOff  L— MUSICAL  S0UHD8. 
1836«  What  are  musical  sounds? 

A.  Regular  and  uniform  successions  of  vi- 
brations. 

1837*  What  is  the  difference  between  a  musical  sound 
and  a  mere  noise  ? 

A.  All  mere  noises  are  occasioned  by  irre- 
gular impulses  communicated  to  the  ear ;  but, 
in  order  to  produce  a  musical  sound,  the  im- 
pulses, and,  consequently,  the  undulations  of 
the  air,  must  be  all  exactly  similar  in  dura- 
tion and  intensity,  and  must  recur  after  ex- 
actly equal  intervals  of  time. 

1838.  Do  all  persons  hear  sounds  alike  ? 

A.  No :  that  faculty  seems  to  depend  upon 
the  sensibility  of  the  auditory  nerves. 

**  Auditory," — having  the  power  of  hearing. 
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18S9*  What  are  the  boundaries  of  human  hearing  ? 

A.  The  whole  range  of  human  hearing, 
from  the  lowest  note  of  the  organ  to  the 
highest  known  cry  of  insects, — as  of  the 
cricket, — includes  about  nine  octaves. 

All  ears,  however,  are  by  no  means  gifted  with  so  great  a  range  of 
hearing :  many  persons,  though  not  at  all  deaf,  are  quite  insensible  to 
the  highest  notes  of  some  insects. 

1840*  How  many  vibrations  of  a  musical  chord  ave 
necessary  to  produce  a  definite  sound  ? 

A.  When  the  vibrations  are  less  than  six- 
teen in  a  second  of  time,  a  continued  sound 
cannot  be  communicated  to  the  ear. 

1841*  How  many  vibrations  is  the  human  ear  able  to 
appreciate  ? 

A.  The  human  ear  is  capable  of  appreciat- 
ing as  many  as  twenty-four  thousand  vibra- 
tions in  a  second  of  time,  and  is,  consequently, 
able  to  hear  a  sound  which  only  lasts  the 
twenty-four  thousandth  part  of  a  second ! 

1842*  Why  are  some  notes  bass,  and  some  treble  ? 

A.  Because  slow  vibrations  produce  bass 
or  deep  sounds ;  but  quick  vibrations  produce 
shrill  or  treble  ones. 

1843*  Why  do  flutes,  &c.  produce  musical  sounds  ? 

A.  Because  the  breath  of  the  performer 
causes  the  air  in  the  flute  to  vibrate;  and 
this  vibration  sets  in  motion  the  sound-waves 
of  the  air. 


406  ECHO. 

1844*  Why  is  an  instrument  flat  when  the  string! 
unstrung  ? 

A.  Because  the  vibrations  are  too  slow  » 
in  consequence  of  which,  the  sounds  prc^"- 
duced  are  not  shrill  or  sharp  enough. 


SEOTIOR  IL-ECHO. 
1845.  What  is  echo? 

A.  Echo  is  reflected  sound. 

1846t  What  is  the  cause  of  echo? 

A.  Whenever  a  sound-wave  strikes  against 
any  obstacle,  such  as  a  wall  or  hill,  it  is  re- 
flected, or  thrown  back;  and  this"  reflected 
sound  is  called  an  echo. 

1847*  What  places  are  most  noted  for  echoes  ? 

A.  Caverns,  grottoes,  and  ruined  abbeys; 
the  areas  of  halls;  the  windings  of  long 
passages;  the  aisles  of  cathedral-churches; 
mountains  and  icebergs. 

1848#  Why  are  caverns,  grottoes,  and  ruins  noted  for 
echoes  ? 

A.  Because  the  sound-waves  cannot  pass 
beyond  the  cavern  or  grotto,  and  therefore 
must  flow  back. 

1849*  Why  do  halls,  winding  passages,  and  cathedral- 
aisles  produce  echoes  ? 

A.  Because  the  sound-waves  cannot  flow 
freely  forward,  but  perpetually  strike  against 
the  walls,  and  are  beaten  back. 
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1850*  Why  are  mountains  and  icebergs  noted  for 
echoes  ? 

A.  Because  they  present  a  barrier  to  the 
sound-waves,  which  they  cannot  pass,  and 
are  sufficiently  elastic  to  throw  them  back. 

1851*  Why  do  not  the  walls  of  a  small  room  produce 
echoes? 

A.  Because  sound  travels  with  such  velo- 
city that  the  echo  is  blended  with  the  original 
sound,  and  the  two  produce  but  one  impres- 
sion on  the  ear. 

Sound  travels  thirteen  miles  in  a  minute;  and  no  echo  is  heard 
unless  the  surface  against' which  the  sound  strikes  is  sixty-five  feet 
from  the  place  whence  the  sound  originally  proceeded. 

1852*  Why  do  very  large  buildings  (as  cathedrals) 
often  reverberate  the  voice  of  the  speaker  ? 

A.  Because  the  walls  are  so  far  off  from 
the  speaker  that  the  echo  does  not  return  in 
e  to  blend  with  the  original  sound,  and 
erefore  each  sound  is  heard  separately. 

185St  Why  do  some  echoes  repeat  only  one  syllable? 

A.  Because  the  echoing  body  is  very  near. 
The  farther  the  echoing  body  is  off,  the  more 
sound  it  will  reflect :  if,  therefore,  it  be  very 
near,  it  will  repeat  but  one  syllable. 

1854*  Why  does  an  echo  sometimes  repeat  two  or 
more  syllables  ? 

A.  Because  the  echoing  body  is  far  off, 
and  therefore  there  is  time  for  one  reflection 
to  pass  away  before  another  reaches  the  ear. 

AH  the  syllables  must  be  uttered  before  the  echo  of  the  first  syllable 
reaches  the  ear :  if,  therefore,  a  person  repeats  seven  syllables  in  two 


1 855 •  Why  are  two  or  more  echoes  sometimes  heard! 

A.  Because  separate  reverberating  surfaces 

receive  the  sound  and  reflect  it  in  succession. 

Rosnealb,  is  a  very  remarkable  ecbo.  If  a  trumpeter  plays  a  tune 
tuid  slops,  the  oclm  will  bejjin  the  Eauie  tuna  and  repent  it  all  accu- 
rately; as  soon  as  this  echo  baa  coifed,  another  will  ochoiheianu 
tune  in  a  lunar  tuna  [  and  after  tbe  second  ecbo  baa  ceased,  a  third 
will  succeed  with  soul  liduliiy,  OKregb  in  a  much  feebler  tone. 

At  the  Lake  of  Killarney,  in  Ireland,  there  it  an  echo  which  plaji 
an  excellent  "  second"  to  any  siniplo  tune  played  on  a  bugle. 

1856.  What  causes  the  murmuring  sound  produced 
by  the  discharge  of  great  guns? 

A.  The  murmuring  sound  is  a  succession 
of  echoes  from  the  particles  of  vapor  floating 
in  the  atmosphere;  and  when  the  discharge 
is  effected  under  a  dense  cloud,  the  echoes  are 
stronger,  resembling  rolling  thunder. 


CHAPTER  II.— ATTRACTION. 
I&57i  What  is  the  meaning  of  the  word  attraction? 

A.  It  denotes  the  power  or  principle  by 
which  all  bodies  mutually  tend  toward  each 
other. 

ls.'iS,  How  many  kinds  of  attraction  are  there? 

A.  There  are  two  kinds  of  attraction, — 
that  which  acts  at  all  distances,  however 
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great,  and  that  which  acts  at  very  small  or 
insensible  distances. 

SE0TI01J  L-GBAVITATI01!r. 

1859*  What  is  that  attraction  called  which  acts  at 
great  distances  f 

A.  The  attraction  of  gravitation. 

Electrical  and  magnetic  attractions  also  act  at  considerable  distances. 

1880*  All  bodies  tend  toward,  or  are  attracted  by,  the 
■earth :  is  the  earth  attracted  by  them  also  ? 

A.  Yes  :  the  attraction  is  mutual ;  but,  as 
the  earth  is  so  much  larger  than  any  body 
on,  or  near,  its  surface,  the  only  perceptible 
attraction  is  that  produced  by  the  earth. 

1861*  What  is  this  attraction  called  ? 

A.  It  is  called  the  attraction  of  gravitation. 

It  is  the  attraction  of  gravitation,  combined  with  other  causes,  which 
tarries  the  earth  and  planets  round  the  sun. 

SEOTHTO  H-OENTRE  OF  GBAVITY. 
1862*  What  is  the  centre  of  gravity  ? 

A.  The  centre  of  weight ;  in  other  words, 
that  point  on  which  if  supported  the  body 
would  balance  itself. 

1863*  Where  is  the  centre  of  gravity  in  man? 

A.  The  centre  of  gravity  in  man  lies  be- 
tween the  hips.  The  base  is  the  space  be- 
tween his  feet. 

1864*  Why  does  an  old  man  use  a  cane  when  he  walks  ? 

A.  To  enlarge  his  base,  and  prevent  the 
line  of  direction  from  falling  outside  the  base. 

35 
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1865.  WLat  in  meant  by  the  base  of  a  body  7 
A.  The  lowest  part  or  side  of  a  body. 

1866.  What  is  the  line  of  direction  ? 

A.  The  line  drawn  from  the  centre  of  gra. 
vity  toward  the  centre  of  the  earth. 

1867>  How  can  yon  find  the  centre  of  gravity  in  an 
irregularly- shaped  body  ? 


A.  First  suspenu 
(fig  48,)  and  at  the 
plumb-line  c,  when  1 
hang  in  the  position , 
Having  marked  this 
from  another  and  dii" 
and  the  perpendim' 
plumb    again   mar 


om  a  point,  as  at  o, 
ne  point  suspend  a 
hoard  and  line  will 
isented  in  the  figure. 
,  let  it  be  suspended 
it  point,  as  in  fig.  49, 
ine  indicated  by  the 
The    point    where 


these  two  lines  so  niarned  cross  each  other  ifl 
the  centre  of  gravity  of  the  body,  as  seen  in 
fig.  50. 

Fig.  48.  Fig.  48.  Fig.  50. 


When  two  or  more  bodies  are  connected,  the  centre  of  gravity  of 
the  two  is  the  point  on  which  they  will  balance  without  foiling.  Thus, 
if  two  balls,  each  weighing  four  pounds,  be  connected  by  a  bar,  the 

But  if  one  of  the  balls  be  heavier  than  the  other,  the  centre  of  gravity 

will,  in  proportion,  approach  the  larger  ball.     Thu  ii  illustrated  by 

"%.  51,  in  which  the  centre  ef  gravity  about  which  the  two  balls  iup. 

>rt  themselves  is  seen  to  be  nearest  the  heaviest  and  largest  ball. 
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Fig.  51. 


* 
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1868«  Why  does  a  person  in  rising  from  a  chair  bend 
forward  ? 

A.  When  a  person  is  sitting,  the  centre  of 
gravity  is  supported  by  the  chair ;  in  an  erect 
position,  the  centre  of  gravity  is  supported 
by  the  feet :  therefore  before  rising  it  is  neces- 
sary to  change  the  centre  of  gravity,  and  by 
bending  forward  we  transfer  it  from  the.  chair 
to  a  point  over  the  feet, 

1669*  Why  does  a  quadruped  never  raise  both  feet 
on  the  same  side  simultaneously  ? 

A.  Because,  if  it  did,  the  centre  of  gravity 
would  be  unsupported,  and  the  animal  would 
foil  over. 

1870t  Why  is  a  turtle  placed  upon  its  back  unable  to 
move? 

A.  Because  the  centre  of  gravity  of  the 
turtle  is,  in  this  position,  at  the  lowest  point, 
and  the  animal  is  unable  to  change  it :  there- 
fore it  is  obliged  to  remain  at  rest. 

1871*  Why  does  a  person  carrying  a  weight  upon  his 
back  stoop  forward  ? 

A.  In  order  to  bring  the  centre  of  gravity 
of  his  body  and  the  load  over  his  feet. 


1872.  Why  is  it  more  difficult  to  overthrc 
having  a  broad  base  than  one  resting  upon  a  ni 

A.  Because  a  body  cannot  fall  over  so  long 
as  a  line  directed  from  the  centre  of  gravity 
vertically  toward  the  surface  upon  which  the 
body  rests,  falls  within  the  figure  formed  by 
the  base  of  the  body  in  question.  Hence, 
the  broader  the  base  of  a  body,  the  more 
securely  it  will  stand. 

1873.  How  long  will  a  wall  or  tower  stand  securely? 
A.  So  long  as  the  perpendicular  line  drawn 

through  its  centre  of  gravity  falls  within  its 


The  celebrated  Leaning  Toner  of  Piss,  three  hundred  and  fifteen 
feet  high,  with  an  inclination  from  the  perpendicular  of  twelve  feet,  ii 
an  example  of  this  law.  For  instance,  the  line  in  fig.  o4,  from  the 
summit  to  the  ground,  passing  through  Che  oantre  of  gravity,  fall! 

IT"" 


COHESION  AND  ADHESION. 
Fig.  S*. 


the  structure  aoold  no  longer  support  itself. 

BEOTIOS  II.-  COHESION  AHD  ADHESIOB. 

IS74>  What  is  that  attraction  called  wHich  acts  only 
it  small  distances  ? 

A.  The  attraction  of  cohesion, — which  is 
the  attraction  between  particles  of  the  same 
Bubstance.  For  example,  the  particles  of  the 
table  or  inkstand  are  attracted  or  united  by 
cohesion. 

1875.  When  particles  of  different  substances  are  at- 
tracted to  each  other,  what  is  that  attraction  called  ? 

A.  It  is  called  adhesion. 


1878.  Give  an  example  of  a 

A.  When  water  is  poured  on  a  piece  of 
glass,  it  is  said  to  adhere  to  the  glass, — the 
water  and  glass  being  different  substances. 
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1877i  Why  is  mortar  used  in  building  walls  of  brick 
or  stone  1 

A.  Because  the  wet  mortar  adheres  to  the 
bricks,  and  when  it  becomes  dry  its  particles 
cohere  so  strongly  as  to  become  one  solid 
mass. 

1878.  Why  could  not  blocks  of  iron  or  any  other 
metal  be  cemented  together  by  mortar? 

A.  Beer "  — i~'~  being  good  conduc- 
tors of  he  d  and  contract  with 
changes  i  This  expansion  and 
contracting  .  „u  artar  and  prevents 
its  adhesion. 

1879.  Why  does  not  the  mortar  break  between  bricks  ? 
A.  Because  bricks  are  bad  conductors  of 

heat,  and  do  not  expand  so  much  as  blocks 
of  metal. 

1880.  Why  do  the  bubbles  in  a  cup  of  tea  follow  the 
spoon  ? 

A.  Because  the  spoon,  being  the  superior 
mass,  attracts  them.  The  bubbles  will  also 
be  attracted  to  the  sides  of  the  cup. 

1881i  Why  are  the  sides  of  a  pond  often  covered  with 
leaves? 

A.  Because  the  shore  attracts  them. 

1882.  Why  can  you  fill  a  glass  with  water  above  its 

A.  Because  the  particles  of  water  are  kept 
from  flowing  over  by  the  attraction  of  co- 
hesion exerted  between  them. 
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SEOTIOir  HL-CATILLABI  ATTBAOTIOH. 
1883.  What  is  capillary  attraction? 
A.  The  power  which  very  minute  tubes 
possess  of  causing  a  liquid  to  rise  in  them 
above  its  level. 


Capillary,  from  the  Latin  eapillut,  a  hair, 
—the  tubes  referred  to  being  almost  as  fine 
u  a  hair.  The  ■mailer  tbe  tubs,  (be  higher 
tie  flnid  will  rise  In  it.  Fig.  5S  illnstratea 
ibe  manner  In  wbioh  water  will  rise  iDtabei 
of  different  diameters. 


to 


1884.  Why  does  water  melt  salt  and  sugar  ? 

A.  Because  the  water  insinuates  itself  into 
the  pores  of  the  sugar  and  salt  by  capillary 
attraction,  and  forces  the  particles  of  sugar 
or  salt  to  separate. 

1885.  Why  is  vegetation  on  the  margin  of  a  river 
more  luxuriant  than  in  an  open  field  ? 

A.  Because  the  porous  earth  on  the  bank 
draws  up  the  water  by  capillary  attraction, 
and  by  that  means  nourishes  the  roots  of  the 
plants. 

1886a  Why  will  water  poured  into  the  saucer  of  a 
flower-pot  resuscitate  the  plant  in  the  pot  ? 

A.  Because  the  water  in  the  saucer  is 
drawn  up  into  the  earth  in  the  pot  by  capil- 
lary attraction.     The  same    attraction    also 
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conveys  the  moisture  into  the  stem  and  leav 
of  the  plant. 

1887.  If  a  drop  of  liquid  be  spilled  on  the  tai 
cloth,  why  will  it  spread  in  all  directions? 

A.  Because  the  threads  of  the  cloth  absc 
the  water  by  capillary  attraction. 

1888.  If  a  bowl  be  filled  with  water,  how  may  it 
emptied  of  its  conteo.  pillary  attraction? 

A.  By  placing  corner  of  a  towel 

sufficient  size  intc  j  bowl :  the  liquid  v 
rise  through  the  threads  of  the  towel  by 
pillary  attraction,  and  after  a  time  the  be 
will  be  empty. 

1889.  Why  does  blotting-paper  absorb  ink  7 

A.  Because,  owing  to  the  loose  texture 
the  paper,  the  minute  fibres  draw  up  the  i 
by  capillary  attraction. 

1890.  Why  will  not  eommon  writing-paper  abs 
ink  as  well  as  blotting-paper? 

A.  Because  the  siting  which  is  put  on  1 
surface  of  writing-paper  fills  up  the  int 
stices  between  the  fibres,  and  prevents  caj 
lary  attraction. 

1891.  What  occasions  the  rise  of  water  or  other  liqt 
in  small  tubes "' 

A.  The  attraction  between  the  liquid  a 
the  walls  of  the  tube. 

1892.  Why  does  the  water  rise  higher  in  a  tube 
email  diameter  than  in  a  large  one?- 

A.  Because  in  a  small  tube  the  sides,  bei 
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nearer  to  the  raised  water,  attract  it  more 
powerfully.     (See  fig.  55.) 

1893*  If  we  grease  the  inside  of  a  glass  tube,  will 
the  water  rise  in  it  ? 

» 

A.  It  will  not ;  because  there  is  no  attrac- 
tion between  the  grease  and  the  water. 

1894*  If  we  place  a  glass  plate  in  water,  will  the 
liquid  rise  upon  each  side  of  it  ? 

A.  If  we  place  a  glass  rod  or  plate  in  a 
vessel  of  water,  we  shall  perceive,  after  the 
whole  has  been  allowed  to  remain  free  of 
any  disturbance,  that  the  water  will  rise  to  a 
higher  level  on  all  sides  of  the  glass  than  over 
any  other  part  of  its  surface.      (See  fig.  56.) 

Fig.  5«. 


1895*  If  we  place  the  same  plate  of  glass  in  mercury, 
what  will  he  the  effect? 

A.  The  mercury,  instead  of  rising  upon 
the  sides  of  the  glass,  will  be  depressed,  (as 
shown  in  fig.  57,)  there  being  no  attraction 
between  the  glass  and  the  mercury. 
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Fif.  57. 


w 


1896.  Why 

f  mercury  con 
Fig.  fig. 


a 


A.  Because,  owing  to  the  re- 
pulsion between  the  glass  and  the 
mercury,  the  latter,  when  it  comes 
in  contact  with  the  glass,  is  de- 
pressed; which  leaves  the  central 
part  of  the  top  of  the  column  of 
mercury  the  highest,  as  is  shown 
in  fie.  58. 


1S97i  Why  will  wafer,  ink,  or  oil,  coming  in  contact 
with  the  edge  of  a  book,  soak  farther  in  than  if  spilled 
upon  the  sides  ? 

A.  Because  the  space  between  the  leaves 
acts  in  the  same  manner  as  a  small  tube 
would, — attracts  the  fluid,  and  causes  it  to 
penetrate  far  inward.  The  fluid  penetrates 
with  more  difficulty  upon  the  side  of  the  leaf, 
because  the  pores  in  the  paper  are  irregular, 
and  not  continuous  from  leaf  to  leaf. 
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1898*  Why  does  dry  wood  swell  when  immersed  io 

water  ? 

A.  Because  the  water  enters  the  pores  of 
wood  by  capillary  attraction,  and  forces  the 
particles  farther  apart  from  each  other. 

1899*  Why  may  an  immense  mass,  suspended  by  a 
dry  rope,  be  raised  a  little  way  by  merely  wetting  the 
rope? 

A.  Because  the  moisture  imbibed  into  the 
substance  of  the  rope  by  capillary  attraction 
causes  it  to  swell  laterally,  and  to  become 
shorter. 


CHAPTER  II.— SPECIFIC  GRAVITY. 

1900*  What  is  meant  by  specific  gravity? 

A.  It  denotes  the  weight  of  a  body,  as 
compared  with  the  weight  of  an  equal  bulk 
of  some  other  body  taken  as  a  standard. 

1901*  What  body  is  commonly  used  as  a  standard  ? 

A.  The  standard  commonly  used  is  dis- 
tilled water  at  the  temperature  of  60°  of  Fahr- 
enheit. A  cubic  foot  of  water  of  this  tempe- 
rature weighs  exactly  one  thousand  ounces. 

A  cubic  foot  of  any  liquid  is  the  quantity  which  could  be  contained 
in  a  vessel  whose  inner  surface  would  measure  exactly  one  foot  in 
height,  one  foot  in  length,  and  one  foot  in  depth. 

1902*  Why  will  a  piece  of  cork  float  on  water? 

A.  Because  the  specific  gravity  of  the  cork 


420  specific  GRAvrrr. 

is  less  than  that  of  the  water.  In  other  words, 
a  quantity  of  water  equal  in  bulk  to  the  piece 
of  cork  would  weigh  heavier  than  the  cork. 

1903.  Does  any  portion  of  the  cork  sink  below  the 
surface  of  the  water? 

A.  Yea  :  about  one-fourth  part  of  the  cork 
will  sink  below  the  surface  of  the  water;  that 
is,  the  cork  will  disi  i  portion  of  water 

equal  in  weight  to  i  lole  piece  of  cork. 

The  bulk  of  water  thus  ^placed  would  mea- 
sure about  one-fourth  part  the  bulk  of  the 
cork. 

1994,  A  lump  of  tin  weighing  a  pound,  if  thrown 
into  the  water,  would  sink  :  how  could  the  same  quantity 
of  tin  he  made  to  swim  ? 

A.  By  increasing  the  extent  of  its  surface, 
or,  in  other-words,  its  bulk. 


1905.  Does  a  body  weigh  as  much  in  water  as  in  air? 

A.  No :  the  water  buoys  the  body  up,  and 
it  weighs  just  as  much  less  in  water  as  the 
weight  of  the  bulk  of  water  it  displaces. 

For  this  reason  a  person  tan  lift  a  stone  under  water  whioh  he  could 
not  raise  when  cut  of  the  water. 

1906.  Why  does  cream  rise  to  the  surface  of  milk  1 
A.  Because  the  specific  gravity  of  the  cream 

is  less  than  that  of  the  milk.     For  the  same 
"sason,  oil  floats  on  water. 

Tf  the  nook  of  a  bottle  of  pure  water  be  inserted  in  the  bung-hole 
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It*  own  weight,  and  the  brandy  will  ascend  into  the  bottle.  The  reason 
of  this  is,  the  specific  gravity  of  the  brandy  is  less  than  that  of  the 
water.  But  if  the  bottle  be  filled  with  ether  instead  of  water,  the 
brandy  would  not  fill  the  bottle,  because  ether  is  specifically  lighter 
than  brandy. 

1907*  Why  is  it  more  easy  to  swim  in  salt  water  than 
in  fresh? 

A.  Because  the  specific  gravity  of  salt 
water  is  greater  than  that  of  fresh,  and  the 
swimmer  is  buoyed  up. 

1908*  Why  does  a  cook  throw  an  egg  into  brine  to 
try  if  it  be  strong  enough  for  pickling  ? 

A.  Because  if  the  brine  be  strong  enough, 
its  specific  gravity  will  be  greater  than  that 
of  the  egg,  and  the  egg  will  float. 

1909*  Why  can  fat  persons  swim  more  easily  than 
those  who  are  not  fat  ? 

A.  Because  fat  is  specifically  lighter  than 
water :  therefore  the  fatter  a  man  is,  the  more 
easily  he  can  swim. 

1910*  How  are  fishes  able  to  ascend  to  the  surface  of 
the  water  ? 

A.  Fishes  are  endowed  with  an  organ 
called  an  air-bladder.  When  the  bladder  is 
filled  with  air,  their  bulk  is  increased,  and 
they  rise  to  the  surface ;  but  when  the  air  is 
expelled,  their  bulk  contracts,  and  they  sink. 
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1911.  How  can  a  sick-ro<  be  kept  free  from  on. 
healthy  effluvia? 

A.  By  sprinkling  it  with  vinegar  boiled 
with  myrrh  or  camphor,  or  by  putting  some 
chloride  of  lime  in  a  flat  dish,  dampening  it 
a  little,  and  placing  it  in  the  apartment. 

1912.  When  infections  diseases  prevail,  how  can  the 
cfHitajriinis  matter  be  removed  from  bedrooms,  hospitals, 
houses,  &c.  ? 

A.  By  using  a  solution  of  chlorine  or  of 
sulphurous  acid ;  which  will  not  only  remove 
the  contagious  matter,  but  also  the  offensive 
smell  of  a  sick-room. 

1913.  Why  does  chloride  of  lime  fumigate  a  sick- 
room? 

A.  Because  the  chlorine  absorbs  the  hydro- 
gen of  the  confined  air,  and  by  this  means 
removes  both  the  offensive  smell  and  the  in- 
fection of  a  sick-room. 

1914.  Why  should  bedrooms,  cottages,  hospitals,  and 
"■tables  be  occasionally  whitewashed? 

A.  Because  the  lime  which  composes  the 
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whitewash*  is  very  caustic,  and  removes  all 
organic  matters  adhering  to  the  walls. 

1915*  Why  does  lime  destroy  the  offensive  smells  of 
bins,  sewers,  Ac. 

A.  Because  it  decomposes  the  offensive 
gases  upon  which  the  smell  depends,  and 
destroys  them. 

19  IS*  Why  is  guano  valuable  as  a  manure  ? 

A.  Because  it  contains  ammonia,  potash, 
soda,  lime,  &c.,  which  are  all  essential  to  the 
growth  of  plants. 

Guano  is  found  upon  the  coasts  of  Pern,  in  the  islands  of  Chinche, 
near  Pisco,  and  at  several  other  places  more  to  the  south j  also  on  the 
coasts  of  Africa.  It  forms  a  deposit  fifty  or  sixty  feet  thick,  and  of 
considerable  extent,  and  appears  to  be  the  accumulation  of  the  excre- 
ments of  innumerable  flocks  of  birds,  especially  herons  and  flamands, 
which  inhabit  these  islands.  It  is  an  excellent  manure,  and  forms 
the  object  of  a  most  extensive  and  profitable  trade.  . 

1917.  What  is  the  use  of  lime,  marl,  &c,  as  manure? 

A.  1st.  They  decompose  vegetable  sub- 
stances ;  and, 

2d.  They  liberate  the  alkalies  in  union 
with  the  silica  of  the  soil. 

1918*  The  soil  contains  carbon^  acid:  whence  is 
this  derived  ? 

A.  1st.  From  the  air;  from  which  it  is 
driven  by  falling  showers ; 

2d.  From  the  decomposition  of  vegetable 
and  animal  matters,  which  always  produces 
this  gas  in  abundance ;  and, 

3d.  All  limestone,  chalk,  and   calcareous 
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stones  contain  quantities  of  carbonic  acid  in  a 
solid  state. 

"  Calcareous,"  that  is,  of  a  limy  nature. 

1919.  What  causes  the  disease  commonly  called  tie 
itch? 

A.  It  is  produced  by  an  insect  called  the 
"itch-insect,"  which  burrows  in  the  skin,  and 
is  greatly  encouraged  "  "1th.  Sulphur,  cor- 
rosive sublimate,  &c.  \  U  destroy  the  insect, 
and  cure  the  disease. 

1920.  When  wine  is  spilled  on  a  table-cloth  or  napkin, 
how  can  the  atain  he  removed  ? 

A.  By  dipping  it  in  a  weak  solution  of 
chlorine. 

Chlorine  is  a  principal  ingredient  in  bl each lug -powder. 

1921.  When  wine  is  spilled  on  a  table-cloth,  &c,  why 
do  persons  generally  cover  the  part  immediately  with 
salt? 

A.  Because  salt  is  a  compound  of  chlorine 
and  sodium  ;  and  the  chlorine  of  the  salt  acts 
as  a  bleaching-powder. 

1922.  Why  are  books  discolored  by  age  or  damp?    ' 

A.  Because  the  fibre  of  the  paper  becomes 
partially  decomposed,  and  various  impurities 
from  the  atmosphere  (or  other  sources)  be- 
come mixed  with  it. 

1923.  Why  does  waxing  cotton  or  thread  make  it 
stronger  ? 

A.  Because  it  cements  the  loose  filaments 
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to  the  cord,  and  makes  the  strands  of  the 
thread  more  compact. 

The  "filaments"  are  the  loose  fibres  of  the  cotton. 

The  "  strands"  are  the  twists  or  single  yarns  twisted  into  a  thread. 

1924*  Some  sweet  cakes  are  crisp  and  hard  when 
baked,  but  if  sal-aeratus  be  mixed  with  the  dough  they 
will  be  soft.     Why  is  this  ? 

A.  Sal-aeratus  has  an  affinity  for  moisture, 
which  it  absorbs  from  the  atmosphere,  and 
this  moisture  tends  to  keep  the  cakes  soft. 

1925*  How  does  starch  assist  in  giving  a  smooth  glazed 
surface  to  linen  t 

A.  It  fills  the  interstices  between  the  threads, 
and  makes  the  fabric  of  more  uniform  den- 
sity. 

"Interstices  between  the  threads/* — that  is,  the  small  spaces  be- 
tween the  threads. 

1926*  How  does  starch  stiffen  linen  ? 

A.  By  filling  the  interstices  of  the  linen, 
by  which  means  it  is  rendered  more  rigid 
and  firm. 

1927*  The  hooked  top  of  walking-sticks  is  made  by 
boiling  the  end  of  the  stick  and  then  bending  it  into  an 
arch.     Why  is  a  stick  made  flexible  by  boiling? 

A.  Wood  contains  many  substances  soluble 
in  hot  water,  as  starch,  sugar,  gum,  &c,  and 
several  others  which  are  softened  by  it :  as, 
therefore,  several  substances  are  dissolved, 
and  others  softened,  by  boiling  water,  the 
stick  is  rendered  flexible. 

Cellular  fibre  and  woody  matter,  when  boiled  in  water,  become  soft 
and  gelatinous. 

36* 
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1928.  Why  does  the  snn  or  fire  warp  wood? 

A.  Because  heat  draws  out  the  moisture 
from  that  surface  of  the  wood  which  faces  it, 
and  causes  it  to  shrink :  as,  therefore,  the 
heated  surface  of  the  wood  shrinks,  and  is 
smaller  than  the  other  surface,  it  draws  it 
into  a  curve,  and  the  wood  is  warped. 

1929.  If  you  scr  "  of  paper  with  a.  knife, 
why  will  the  paper  cl 

A.  Because  the  ur  i  urface  of  the  paper 
is  contracted  by  scraping,  which  brings  the 
particles  closer  together-  this  contraction  of 
the  under  surface  bend  e  Blip  of  paper  into 
a  curl  or  arch. 

s  kept  at  a  window 

A.  Because  the  side  away  from  the  light 
grows  faster  than  the  side  facing  the  light, 
and  pushes  the  top  of  the  plant  over  in  a 
curve. 

Woody  tisnOB  ia  deposited  in  the  stem  moat  abundantly  on  tbe  aid* 
nearest  the  light;  and  where  wood  ia  formed  molt,  growth  II  slowest, 
because  the  part  is  lees  succulent. 

Wood  is  warped  by  the  fire,  became  the  under  surface  is  smaller 
than  the  tipper;  and  paper  ia  made  to  earl  by  scraping  the  under 

1931.  When  a  candle  ia  blown  out,  whence  arises  the 
offensive  odor  ? 

A.  The  tallow  distils  a  substance  in  the 
smoke,  called  acryle,  which  has  a  very  of- 
"  isive  smell. 

Vcryle,"  from  two  Greek  words  arpi-oXij,  (ukre-ule,)  the  basis,  or 
iple,  of  a  wick  or  end  ;  that  is,  the  odor  which  issue*  from  a  wick' 
■"•  it  has  been  blown  out. 


\ 
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1932*  If  a  silver  spoon  which  has  been  tarnished  by 
an  egg  be  rubbed  with  a  little  salt,  why  will  the  tarnish 
disappear? 

A.  The  tarnish  in  this  case  is  sulphuret 
of  silver,  produced  by  the  sulphur  of  the  egg 
combining  with  the  silver  spoon.  Salt  acts 
upon  this  sulphuret  of  silver  thus : — 

The  sodium  of  the  salt  combines  with  the 
sulphur,  and  produces  sulphate  of  soda.  The 
sulphur  being  thus  taken  away  from  the  silver, 
the  tarnish  disappears. 

1933*  Why  does  a  black  hat  at  the  sea-side  become  a 
rusty  brown  ? 

A.  Because  the  muriatic  acid  of  the  sea- 
water  disturbs  the  gallic  acid  of  the  black 
dye,  and  turns  it  a  reddish  brown. 

1934*  What  is  an  excellent  remedy  against  rats  and 
mice? 

A.  Sulphuretted  hydrogen.  All  that  is 
necessary  is  to  introduce  the  beak  of  a  retort 
into  a  rat-hole  while  sulphuretted  hydrogen 
is  being  given  off.  It  will  destroy  the  rats, 
and  make  the  hole  unfit  for  others  to  fre- 
quent. 

Sulphuretted  hydrogen  is  made  thus :  Put  into  a  retort  or  glass 
bottle  a  quantity  of  sulphuret  of  iron,  prepared  by  heating  a  rod  of 
iron  to  white  heat ;  bring  it  in  contact  with  a  roll  of  sulphur :  this 
will  form  sulphuret  of  iron,  which  let  drop  into  water;  pour  over  it 
a  small  portion  of  water,  and  then  add  an  equal  quantity  of  sulphuric 
•cid:  sulphuretted  hydrogen  will  be  given  off  copiously. 

1985*  Why  are  hams  preserved  by  smoking  them  ? 

A.  Because  the  smoke  of  a  wood  fire  con- 
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tains  creasote,  which  is  a  great  preservative 
of  all  animal  substances. 

1936.  What  is  common  marking-ink  ? 

A.  There  are  generally  two  bottles, — one 
containing  a  solution  of  the  carbonate  of  soda, 
and  another  containing  a  solution  of  nitrate 
of  silver.  The  cloth  is  first  moistened  with 
the  carbonate  of  i  ed,  smoothed,  and 

then  written  on  v  .  )en  dipped  in  the 
nitrate  of  silver.  a.n  i  ie  of  silver  is  thus 
precipitated,  and  .   black  mark  upon 

the  fabric. 

193 7 •  Why  is  sorrel  sor  es  used  to  remove  ink- 

spots  from  linen  ? 

A.  Because  it  c<  oxalic  acid. 

Oialic,  from  tho  Greok  word  •faKn,  (oiali?,)  torrel.    Oialio  acid  is 


1938.  Why  does  oxalic  acid  take  out  ink-spots  ? 

A.  Because  it  dissolves  the  tannate  of  iron, 
of  which  the  black  portion  of  the  ink  con- 


1  combined  with  lr 


1939.  Why  do  laundresses  put  their  linen  in  the  sun 
to  whiten  ? 

A.  This  question  is  rather  difficult  to  solve. 
The  most  probable  solution  is,  that  air  and 
moisture,  (arising  from  rain,  dew,  or  artificial 
sprinkling,)  influenced  by  solar  light,  oxidize 
the  color  on  the  fibre  without  the  assistance 
of  alkali. 
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1940#  Why  do  bricks  turn  green  on  being  exposed 
for  some  time  to  the  weather,  especially  if  deprived  of 
the  rays  of  the  sun  ? 

A.  The  "  green"  is  a  moss,  or  lichen,  which 
grows  on  the  bricks,  and  thrives  better  in  the 
shade  than  in  the  sun.  The  seeds  of  this 
moss  are  supposed  to  be  scattered  by  the 
winds. 

1941*  The  white  of  egg  is  generally  mixed  with 
ground  coffee  before  it  is  put  over  the  fire  to  boil :  why 
is  this  done  ? 

A.  Because  the  albumen  contained  in  the 
white  of  the  egg  coagulates  while  boiling, 
and  entangles  the  small  particles  of  coffee, 
called  "  grounds,"  with  it,  which  fall  to  the 
bottom  of  the  pot,  and  leave  the  liquid  clear. 

1942*  Why  does  water  rot  wood  ?  and  why  does  air 
rot  wood? 

A.  Because  the  solid  part  of  the  wood  is 
converted  into  what  is  called  humus,  by  oxi- 
dation: thus, — 

1st.  The  carbon  of  the  wood  is  oxidized 
into  carbonic  acid;  and, 

2d.  The  hydrogen  of  the  wood  is  oxidized 
into  water.  The  residue  becomes  humus,  or 
mould. 

•    The  black  mould  of  our  gardens  is  called  humus,  and  is  produced 
by  the  decay  of  vegetable  matter  by  the  action  of  air  and  water. 

1948.  Why  does  hread  hecome  mouldy  after  it  has 
been  kept  for  some  time  ? 

A.  Because  the  spores  of  the  mould-fungus, 
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•-  in  the  air,  fix  themselves  in  the  i 

ua  iread  and  germinate. 

irmiDolo  only  in  decaying  bodies. 

to  indicata  the  seed  of  cryptogam io  (or  Qoiv i-rlsss)  pip 

rom  eeeds  in  this  respect :  every  pert  of  the  spore  ah 

ih..  a  iruui,  and  not  one  purtioulur  point  alone,  <£  in  common,  ae 

1944.  Why  doea  the  expansion  of  air  at  the  end 

an  egg  make  it  ieel  warm  to  the  tongue  ? 

A.  Because  air  is  a  very  bad  conductor,  a 
the  more  air  an  egg  contains,  the  less  h< 
will  be  drawn  from  the  tongue  when  it  toucl 
the  shell. 

1945.  Why  will  a  new-laid  egg  feel  colder  to 
tongue  at  the  end  than  a  stale  one  ? 

A.  Because  it  contains  more  white  and  I 
air ;  and,  as  the  white  of  an  egg  is  a  bet 
conductor  than  air,  the  heat  of  the  tong 
will  be  drawn  off  more  rapidly,  and  the  € 
will  feel  colder. 

1946.  Of  what  is  gunpowder  composed  ? 

A.  Saltpetre,  charcoal,  and  sulphur,  in  1 
proportion  of  76  parts  of  saltpetre,  14 
charcoal,  and  10  of  sulphur. 

1947.  What  is  the  combustible  ingredient? 
A.  Charcoal. 

1918.  Of  what  use  is  the  saltpetre? 

A.  "When  heated,  it  is  decomposed,  a 
ushes  oxygen,  which  combines  with  t 
"coal  and  supports  flame. 


MISCELLANEOUS.  431 

1949*  What  is  the  cause  of  the  expansive  force  of 
gunpowder  ? 

A.  When  the  match  is  applied,  the  ignition 
of  the  powder  increases  its  temperature  and 
liberates  nitrogen  and  carbonic  acid  gases. 

At  the  moment  of  explosion  gunpowder  is  expanded  ahoot  4000 
times. 

1950*  Why  is  gunpowder  grained  ? 

A.  In  order  to  facilitate  the  transmission 
of  the  flame  to  all  parts  of  the  mass. 
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SCIENTIFIC  AMUSEMENTS. 


INTKOBUCTION. 

Mas*  years  ago,  a  little  boy.  with  his  face  most  unpleasantly 
speckled  with  a  number  of  small  scars,  (just  heating.)  happened 
to  meet  that  awful  personage,  the  "family  doctor,"  who  waB 
coming  down-stairs  from  a  grand  medical  consultation  with 
mamma  and  the  assembled  inmates  of  the  nursery.  The  grave 
■on  of  JEsculapius  at  once  and  most  tenderly  inquired  (oh, 
that  dreadful  physic-bill !)  after  the  health  of  the  juvenile,  with 
a  view,  no  doubt,  lo  correct  the  excessive  heat  of  blood  wliirh 
had  caused  so  frightful  an  eruption  on  his  youthful  ot 
4»  5 


■he  doctor,  "what  in  the  n 


-"5  I 


'•why.whataninfla* 

r."     "Oh,  Mr,  pltn.BG  sir,  dart:  i» 

Toe  duclor  forgot  his 'dignity,  and  stared  Witt 

It  was  clever,  but  of  the  Tery  old  school.    Bo 

U  felt  (he  boy's  pulse,  and  looked  hard  in 

tt  it  lo  count  the  spots,  and  at  laat  ail  pantoa 

I  wot.     "Take  cure,  air!  take  oars,  or  yon 

1  stf  with  your  chemical  pranks.     And  now  teB 

weed."     The  youthful  philosopher  waa  not  leal 

t  he  had  read,  in  a  book  on  chemistry,  that  if 

iuJ  chlorate  of  potnflh  ware  rubbed  together  iat 

at*  Bed«  a  "bang,"  which  he  had  tried  accordingly U 

M  iiwrctly,  with  the  help  of  the  kitchen  mortar;  that 

not  go  off  at.  first,  and  whilst  he  gathered  up 

i*h***U£tn  and  gave  the  blow  that  produced  the  ttmmmj 

m  fcee,  somehow  or  other,  oame  oyer  the  mortar,  and 

i  pfcwphorus  blew  up  into  it.     "And  a  luokj  fallow," 

■*!  lA*  doctor,  "you  are  lo  escape  the  penalty-  of  iafuni 

„      tnl  hi  will  every  one  Bay  who  reads  Uii*  aeooBnt.     Bat 

w»J  of  our  story  la,  the  caution  to  all  Would-be  jm*U* 

,;Wr  not  to  attempt  csperimenta  they  do  not  thoroughly 

■  ■  ■  ■  i  ■  -  j - ■  ■ "  ■  !lv  [<i  avoid  those  results  that  merely 

vi  !o-i.  i  :js,  iiii-l  iiv  .-iuIv  1 1mse  combinations  of  ohemieal 

,MUiii  which  are  pleasing  and  wifAouf  danger,  such  as  will 

u«  a*  described  in  the  following  popular  sketch  of  the  Scienct 


V-C,, 


ts  wita  exploit™  bodta. 
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CHEMISTRY. 

In  the  history  of  nations,  we  read  of  n  very  brave  and 
talented  people,  who,  under  the  name  of  the  "  Moors,"  and 
sometimes  called  the  "Saracens,"  helped  to  rescue  the  rude 
Romano-German  population  of  Europe  liom  the  Gothic  brutiph- 
ness  and  ignorance  into  which  they  had  lapsed.  The  warlike 
Moors  originally  came  from  Arabia,  and  are,  therefore,  the 
descendants  of  Ishmael ;  and  although,  when  conquerors,  tbey 
were  at  first  quite  as  ready  to  destroy  as  to  create,  and,  in 
pursuit  of  the  former  evil  passion,  even  burnt  the  magnificent 
library   of  Alexandria,    yet   when    tbey   bad    conquered   and 

K'ned  wealth  they  cultivated  learning  of  every  kind,  and 
ame  highly  civilized;  bo  that  when  they  ruled  Spain  they 
introduced  into  Europe  the  science  of  astronomy,  the  principles 
of  numeral  notation,  algebra,  and  the  noble  science  of  chemistry, 
which  derives  its  name  (according  lo  tbe  Rev.  Mr.  Palmer, 
Professor  of  Arabic)  from  tbe  word  "alchemy,"  or,  more 
properly,  "al-kemy,"  tbe  hnoicltdge  of  Ihc  titbitimcc  or  compe- 
tition of  kadiit,  so  named  from  tbe  substantive  kyumon,  that 
is,  Ike  eonttilution  of  any  thing,  derived  from  the  root  ioma. 

It  is  pretended  by  seme  that  the  words  "chemistry"  and 
"alchemy"  are  derived  from  the  name  of  Sbem,  or  Chem,  the  sen 
of  Noah,  who  is  said  lo  have  been  an  adept  in  the  art;  and  to 
this  day  there  are  persona  who  assert  that  the  Jews  still  possess 
the  art-  of  making  gold,  or  they  could  not  possess  such  fabulone 
wealth.  Others  say  the  art  was  derived  from  the  Egyptians, 
among  whom  it  was  founded  by 
Hermes  Trismegistua.  The  Jesuit 
Father  Martini,  in  his  "  Hiatoria 
Binica,"  says  it  was  practised  by 
the  Chinese  two  thousand  five 
hundred  years  before  the  birth 
of  Christ;  but,  as  he  does  not 
produce  any  proofs  or  data  upon 
which  this  statement  is  founded, 
his  assertion  is  worth  very  little, 
or  nothing.  There  can  be  no  . 
doubt  that  impostors,  who  de- 
ceived the  unwary  with  the  pre- 
tence of  making  gold  and  silver, 
existed  in  Rome  in  tbe  first  cen- 
turies after  the  Christian  era, 
and  that  when  discovered  tbey  ' 
were  liable  to  punishment  as  U 
knaves  and  swindlers. 
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At  Constantinople,  in  the  fourth  century,  the  art  of  transmu- 
tation was  fully  believed  in,  and  many  Greek  ecclesiastics 
wrote  learned  treatises  thereon.  Of  these  and  other  distant 
periods  the  information  respecting  alchemy  must  be  con- 
sidered doubtful ;  but  it  is  certain  that  in  the  eighth  century 
the  art  reappeared  among  the  Arabians.  Now  there  are 
many  words  in  common  use  which  are  derived,  like  the  word 
44 alchemy,"  from  the  Arabic  language,  such  as  "Al-manack," 
"Al-koran;"  and  hence  it  is  not  surprising  to  find  chemical 
words  which  have  the  like  origin.  Thus,  the  word  "al-kali," 
derived  from  kali,  a  plant,  al-kali,  of  a  plant,  representing  an 
important  olass  of  chemical  bodies  having  opposite  qualities  to 

acids,  is  clearly  of  Arabic  origin:  so,  again, 
with  the  names  of  apparatus,  such  as  the 
alembic,  or  alambic.  This  is  compounded  of 
the  Arabic  particle  al,  the,  and  the  Greek 
word  ambix,  a  kind  of  cup  or  cover  of  a  pot. 
It  is  now  used  to  denote  the  whole  of  an 
apparatus  for  distilling,  as  in  Fig.  3;  but  it 
formerly  denoted,  according  to  Bishop  Watson, 
only  one  part  of  it, — viz.,  the  head,  or  that 
part  in  which  the  distilled  matter  was  col- 
lected. 

Astrology  preceded  astronomy,  and  alchemy 
paved  the  way  for  the  science  of  chemistry. 
Much  valuable  time  and  money  were  thrown 
^^^^  away  by  learned   but  misguided   men,  who, 

Fie  4— a  8ieni-  8roP'n&  their  way  in  the  dark,  and  not  hav- 
fies  the  candlestick,  ing  the  advantage  of  perusing  books  written 
which  must  bo  hoi-  by  shining  lights  such  as  Sir  Humphry  Davy 
wate*nd  fuU  °f  or  Faraday,  stumbled  on  many  valuable  truths 
b.  The  top  of  the  in  their  pursuit  of  the  ever-attractive  "Philo- 
candiestick,  which    sopher's  Stone,"  which  was  to  turn  lead  into 

cnonStainbgJdd8ei(,re    Sold>   or>  as   a   maSical   potation,   under  the 
of  water,  for  to  fill    name  of  the  "Elixir  of  Life,"  was  not  only  to 

up  the  candlestick   impart  longevity,  but  continual  life,  so  that 
as  the  candle  nseth    the  maker  of  tfce  go]d  ghould  nQfc  loge  .fc  jn  ^ 

o.  The    candle,    grim    clutch    of    King    Death.     The   worldly 
which  must  be  as    desire  to  have  and  enjoy  is  well  depicted  in 

itSL"  tt6  Candle"  these  dreams  of  the  alchemists,  whilst  the  most 

Bu The  vessel  that  intense  nonsense  is  apparent  in  many  of  their 

opntaUw either wa-  notions.     Thus,  in   a   "Discourse    on   divers 

^'ftn^vessel  to  be  Spagyrical    [i.e.  chemical]    Experiments   and 

•to.  Curiosities,  and  of  the  Anatomy  of  Gold  and 

tflass  vessel  Silver,"   by  one    John    French,    "  Doctor   of 

I  in  dt0e*'  Physick,"  and  printed  as  late  as  1651,  in  the 
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lime  of  the  "Commonwealth"  of  Oliver  Cromwell,  we  are  gravely 
told  how  "  To  extract  a  lohitemilkie  substance  from  the  raytt  of  the 
moon."  At  the  same  lime,  in  this  discourse  (here  is  much  (hat 
is  useful,  and  we  learn  that  distillation  may  be  conducted  by  a 
lamp;  and  this  statement  is  accompanied  with  a  diagram,  of 
which  a  copy  is  given,  (Fig.  4.)  where  we  see  the  germ — the 
principle — of  Palmer's  celebrated  spring  candlestick,  in  which 
tie  candle  is  maintained  at  one  height  by  the  compression  and 
elasticity  of  a  spring. 

Grave  and  honest  men  continued  their  studies  in  alchemy 
with  amazing  industry.  The  clever  chemist^not  alchemist — 
Boerbaave  distilled  mercury  one  thousand  and  nine  times,  in 
order,  as  he  says  in  his  paper  addressed  to  the  Royal  Society, 
"to  subvert  the  high  pretensions  of  other  alchemists  tint 
mercury  could  never  be  freed  from  its  original  impurity  but 
by  being  joined  to  some  purer  body  of  the  same  nature  with 
itself,  such  as  gold  or  silver,"  as  also  to  prove  "the  unchange- 
ablenesa  both  of  mercury  and  gold,  how  often  soever  they  were 
distilled  together." 

During  the  lime   that   the   true  believers   continued   their 


Hth  of  S™ba<(«  P*rnrPlBUH  liv  rlrl 
tail  allaied  Elixir  of  Life. 
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,n  who,  with  consum- 
;a  Of  a  few  chemical  lerttl 
mall  the  ignorant  with  juggling 
a  rfr*emy-      They  had  onl v  lo  <on- 
.    jps  honest,  alchemists,  to  learn 
1  •Bribing  e: 


a  and  rising  sun  of  nil  t 
,  «  rampant  style  of  puffing  himself.  In 
D  Professor  of  Physics  and  Natural 
rersity  of  Basle,  where  liia  lecturer 
rf  students.  He  treated  the  physicians 
it  absurd  vanity  and  illiberal  insolence, 
«  very  down  of  his  bald  pate  had  mors 
re,  tbe  buckles  of  his  shoes  mora 
■  and  Avicennn,  and  his  beard  more  eipe- 
j  revived  the  extravagant 
■nund  Lulty  concerning  a  universal  medicine, 
"f  to  he  in  possession  of  secrets  ahle  to 
period  of  human  life  to  thai  of  the  anl«- 
i  fact,  made  Ibe  discovery  of  alcohol,  ind 
_v  iu  'l  'le  had  found  (lie  luiiji-sfiiight  elixir  of  life. 
Fantoelsus  determined  lo  put  it  to  the  test,  and, 
drinking  copiously  of  his  alcohol,  (with  a  daring 
worthy  of  a  heller  cause.)  sank  dead  on  the  floor 
pf  his  laboratory.— a,  type,  as  Cumming  says,  "of 
mini's  effort  lo  save  himself— that  is,  to  live  forever." 
The  swindlers  utid  cheats  did  not  propose  lo  them- 
selves such  tragic  experiments,  but  studied  carefully 
the  art  of  deceiving  fools  (of  whom,  it  is  said,  the 
is  chiefly  composed)  by  first  awakening 


i  of  a 


.nidi 


little  of  the  preeio 
£_  toft:  half  gold  and  half  iron,  and,  meeting  with  a 
.  t!ti  H'L  victim  of  tbe  required  softness,  they  would  (hen 
*  careleialy  remove  it  ft«m  their  pockets  In  company 
.  with  ither  nails,  and,  producing  a  phial  of  tbe 
I  elixir,  would  expend  the  lust  drop  in  changing  tbe 
J  nail  into  gold;  the  elixir,  of  course,  being  colored 
,  water  thai  could  wash  off  the  paint  with  which  the 
-  nail  was  covered. 

j       The  hat  drop  of  elixir  being  expended,  it  was,  of 
course,  necessary  for  tbe  alchemist  to  prepare  »om« 
I  aud,  presenting  the  nail  as  an  earnest  of  his  power,  he 
■  ill   be  at  free  quarters  for  many  months  with  his  patro 


t  the  a 
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expenses  Tar  chemicals,  glasses,  furnaces,  &c,  until,  tired  out 
with  repented  failures,  lie  would  send  the  alchemist  (not  empty) 
away,  to  repeat  in  some  other  locality  the 
lame  impertinent  trick  on  the  wisdom  of  bis 
fellow -creatures.  There  is  nothing  that  better 
demonstrates  the  shrewdness  of  Queen  Eliza- 
beth than  her  dealings  with  Dr.  Dee.  Like 
our  own  beloved  sovereign,  she  was  the  patron 
of  learned  men,  and,  having  been  presented 
with  a  round  piece  of  silver  which  Dr.  Dee 
pretended  he  had  made  of  a  portion  of  brass 
cut  out  of  a  warming-pan,  the  said  pan  being 
afterward  sent  to  her  majesty  that  she  might 
convince  herself  that  the  piece  of  silver 
exactly  corresponded  with  the  hole  which  was 
out  into  the  braes,  did  receive  him  most 
favorably,  at  least  so  far  as  words  went,  and 

Ee»e  orders  that  he  should  not  be  molested  in  JmJJ™mt»*,,K 
is  pursuits  of  chemistry  and  philosophy,  at  WKt,  to  clone  on. 
the  same  time,  with  most  sensible  queen-Craft,  end.  e.  Tlie  grain, 
intimating  that  the  man  who  could  make  silver  ™  gnZ^nf  ft£ 
must  be  prrfedly  indtptndsnt  of  her  exchequer,  gratia  of  gold  muk- 
There  were  other  mendicant  rogues  who  inga  nofce  la  th» 
pretended  to  transmute  vulgar  lead  and  copper  '  " 
into  royal  gold  by  certain  powders,  which  they  projected  end 
always  ttirrtd  into  the  baser  metal,  to  the  wondering  delight 
and  edification  of  all  concerned.  In 
fact,  the  ttirrer  was  the  primam  too- 
biU  in  this  amusing  fraud;  and,  after 
the  fashion  of  the  wonderful  mira- 
cle of  producing  the  omelet  in  the 
empty  frying-pan,  as  narrated  by  all 
truth -loving  chroniclers  of  Spain 
and  her  mendicant  monks,  these 
conning  jugglers  previously  con- 
veyed their  atom  of  gold  into  the 
hollow  of  the  ttirrer,  and  by  the 
help  of  a  little  powdered  charcoal, 
sulphur,  and  nitre,  which  made  a 
great  deflagration  or  fin  when 
thrown  into  the  red-hot  crucible, 
the  eyes  of  the  curious  were  dai-  Fig.  8.— Alche 
sled,  and  the  conjurors  passed  them-  hails' 

•elves  off  as  the  possessors  of  the  true  philosopher 
rewarded  the  believers  and  reproved  the  incred 
-graduation  of  a  modion-n  of  gold. 
■ill 


s  by  l  he 


12 


CIIEMISTB1'- 


lightens   11 


It  were  tedious  to  give  Ihe  names  of  all  the  alchemist!  who 
have  ilia  traded  the  pence  of  mind  of  others  who  succeeded 
them  by  their  insane  ravings  after  the  mysLerious  cue 
which  was,  by  multiplication  on  the  largest  scale,  to  produce 
*i  of  gold  from  a  molehill  of  Ike  quinleaaence !  '"  '" 
o  know  that,  so  far  its  our  modern  chemistry  en- 
,  it  is  impossible  to  change  one  element  into  another, 
mere  are  certain  substances  which  are  called  allalr-jpic ,-  Lbiir 
is  to  say,  they  are  capable  of  assuming  one  or  more  physii:il 
atatea,  and  putting  on  -ii'.li  disguises  tl.i-it  i'vin  \  he  besi-'.k'vi.w.i 
masquerade  dress  cannot  approach  them  in  the  perfect io: 
concealment. 

Thus,  charcoal,  which  pOMMIBI  tlmMt  Ihe  property  of  ubi- 
quity, is  to  be  found  as  I  lie  very  corner-stone  in  the  fabric  of 
the  fairest  filers  of  Eve's  d;m .; li- 
ters. It  lurks  in  the  sweetened 
cup  of  tea;  and  a  quarter  of  i 
pound  of  nice  white  lump  sug»r 
put  into  a  brcakfaat-eup  with 
tlits  smallest  possible  dash  of 
boiling  « liter,  and  then  the  ad- 
dition of  plenty  of  oil  of  vitriol, 
is  a  truly  wonderful  spectacle, 
and  more  instructive  than  much 
reading,  to  see  the  white  sugar 
ns.  v.-   i>ii-.u.r.isi  i-iij,  nirir:imii,L'ii    nun    black,    then    boil  sponta- 

'.,.'. L][)_  '!t  _|j,  ■','.'  i,j:;,.,'"i^u.;'  'CJ,    iii'on-ly,  and  now,  rising  out  of 

been  ponroil,  and  iheii  plcntvrf  aul-  the  Cup  in  solemn  black,  it 
phurtc  »ciJ.  heaves  ftnd  throbs  as  the  oil  of 

vitriol  continues  its  work  in  the  lower  part  of  the  cup,  emitting 
volumes  of  steam,  and  reminding  one  of  some  of  those  remark- 
able upheavings  of  the  earth  which  geologists  delight  to  paint 
and  talk  about,  till  the  acid  has  spent  its  fury.  The  elements 
forming  water  in  the  sugar  have  been  attracted,  and  are  now 
united  to  the  oil  of  vitriol,  (scientifically  o  ailed  sulphuric  acid;) 
a  divorce  has  taken  place  between  the  water  and  the  charcoal, 
which  latter  now  tumbles  over  the  sides  of  the  cup. 

In  describing  this  experiment  the  other  state  of  charcoal  (the 
allatropie  condition)  must  not  be  forgotten.  The  breakfast-cup 
is  full  of— no!  not  diamonds! — it  only  contains  a  porous  sort 
of  black  charcoal;  and  yet,  in  Nature's  hand,  this  common 
"aqk  matter  is  moulded  into  the  costly  diamond,  and,  glancing 
fc.the  ring  on  the  finger  to  the  solid  contents  of  the  cup,  it 
;"  "  '  trace  out  any  analogy;  but  this  is  the  point  of 
;,  and  is  the  nearest  approach  to  the  alchemical 
r  forcfal  hers.  A  substance  may  take  two  or  throe 
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forms,  as  already  described,  but  it  is  impossible,  so  far  as 
experience  teaches  us,  to  change  one  element  into  anc*her.  We 
may  have  charcoal,  as  coke,  the  diamond,  plumbago,  anthra- 
cite, a  smokeless  coal;  but  we  cannot  change  it,  cr  lead,  or 
copper,  into  gold,  unless  we  adopt  the  time-honored  and  most 
successful  mode  of  transmutation,  and  become  coal,  lead,  or 
diamond  merchants. 

Speaking  of  elements  brings  us  to  the  consideration  of 
chemistry  as  a  modern  science.  Just  eighty-seven  years  ago 
Dr.  Priestley  began  his  famous  experiments  with  the  prepara- 
tion and  examination  of  various  gaseous  bodies,  one  important 
result  of  which  was  the  discovery  of  «*  oxygen  gas,"  the  found- 
ation of  the  present  classified  and  embodied  series  of  facts 
that  record  the  labors  of  so  many  talented  men.  Thus,  oxygen 
deservedly  stands  at  the  head  of  the  list  of  the  element 8  which 
form  every  animate  and  inanimate  thing  within,  upon,  or  about 
the  world.  There  is  nothing  more  encouraging  to  a  beginner 
in  chemistry,  such  as  the  youthful  philosopher  who  expends 
his  shillings  and  sixpences  in  chemicals  and  apparatus,  who 
jdisdains  to  play  out  his  half-holidays,  and,  enraptured  with 
the  wonders  of  which  he  is  the  magician,  is  better  pleased 
experimenting  in  the  secluded  garret-room  than  in  the  noisy 
playground, — there  is  nothing  more  satisfactory  than  the  state- 
ment that  the  highest  mountain  and  the  lowest  valley,  the  most 
beautiful  summer- cloud  or  the  grandest  cataract  of  water,  the 
ugliest  reptile  or  the  most  graceful  fcrm,  the  noblest  palace 
erected  by  the  hand  of  man,  with  its  pictures,  statuary,  paint- 
ings, carpets,  furniture,  silks,  satins,  velvets,  its  costly  jewels, 
diamonds,  pearls,  rubies,  and  sapphires,  or  the  poorer  hovel, 
with  it 8  shivering  tenants  in  rags,  can  each  and  all  be  referred 
in  composition  to  some  sixty-two  or  sixty-three  elements, 
which  are  easily  classified,  viz. : —        ^ 

Three  permanent  gases: — oxygen,  nrtrogtn,  bydrogen. 

Four  elements  having  many  similar  characteristics:  — chlorine, 
bromine,  iodine,  fluorine. 

Five  solids  which  do  not  possess  the  usual  metallic  properties: 
—carbon,  boron,  selenium,  sulphur,  phosphorus. 

Fifty  metals,  only  one  of  w&ch  is  a  liquid, — viz.,  quicksilver, 
or  mercury, — all  the  others  being  solid. 

In  this  list  there  is  the  alpha,  beta,  gamma,  delta  of  chemistry, 
puzzled  out  by  the  laborious  work  oNmieof  the  most  talented 
and  gifted  of  men,  and,  once  grasped,  vms  chemical  alphabet 
is  the  stepping-stone  to  compound  words  of  one  or  more 
syllables,  or  containing  one  or  more  elements.  Thus,  oxygen 
and  hydrogen  combined  spell  water;  charcoal,  oxygen,  and 
lalcium,  chemically  united,  spell  the  marble  arch;  carbonate 
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of  lime,  sulphur,  oxygen,  aluminium,  potassium,  spell  thm. 
The  word  spell  is  pressed  into  the  service,  and  is  intended,  «f 
course,  to  be  a  synonym  for  the  verb  to  form  or  produce:  it 
all  events,  having  been  once  used  in  this  way  to  help  an 
analogy,  we  may  lay  it  on  one  side,  and  now  begin  to 
describe  some  of  these  experimental  lessons,  commencing  with 

THE  ATMOSPHERE. 

Nitrogen  is  the  principal  constituent  of  the  air  of  tht 
atmosphere  which  surrounds  our  globe,  extending  to  a  height 
of  about  forty-five  miles  above  it,  and  playing  a  most  important 
part  in  the  economy  of  nature,  inorganic  as  well  as  organic. 

This  atmospheric  air  consists  of  nearly  four-fifths  of  nitrogen, 
and  rather  more  than  one-fifth  of  oxygen,  about  seventy-nine 
of  the  former  to  twenty-one  of  the  latter,  and  generally  con- 
tains also  a  variable  proportion  of  the  vapor  of  water,  and  a 
very  small  quantity  of  carbonic  acid  gas,  scarcely  amounting 
to  one  part  in  one  thousand.  Its  constituent  parts  are  so  easily 
separated  that  it  appears  to  be  rather  an  intimate  mixture  than 
a  chemical  compound,  though  the  mixture  is  so  complete  that 
chemists  have  not  been  able  to  ascertain  any  difference  in  the 
composition  of  air  taken  from  all  parts  of  the  world,  and  from 
different  heights,  up  to  the  highest  point  which  has  to  this 
time  been  attained. 

This  atmosphere  presses  on  the  surface  of  the  globe  and 
every  being  on  it,  with  a  force  of  about  fifteen  pounds  to  every 
square  inch  of  surface ;  but,  as  it  presses  equally  in  all  direc- 
tions, upwards  as  well  as  downwards,  its  weight  cannot  be  per- 
ceived unless  the  pressure  be  removed  from  one  surface  by 
some  artificial  means. 

EXPERIMENTS. 

1.  Place  a  cylinder  of  strong  glass,  open  at  both  ends,  on 
the  plate  of  the  air-pump,  and  put  your  hand  on  the  other  end, 
and  you  will,  of  course,  be  able  to  remove  it  at  pleasure.  Now 
exhaust  the  air  from  the  interior  of  the  cylinder,  and  at  each 
stroke  of  the  pump  you  will  feel  your  hand  pressed  tighter  and 
tighter  on  the  cylinder,  until  you  will  not  be  able  to  remove  it; 
as  soon  as  the  air  is  again  admitted  to  the  interior  of  the 
cylinder,  the  pressure  within  will  be  restored,  and  the  hand 
again  be  at  liberty. 

2.  Tie  a  piece  of  moistened  bladder  very  firmly  over  one  end 
»f  a  similar  glass  cylinder,  and  place  the  open  end  on  the 
plate  of  the  pump.  As  soon  as  you  begin  to  exhaust  the  air 
from    the    interior,  the  bladder,  which  was   previously  quite 
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horizontal,  will  begin  to  bulge  inwards,  the  concavity  increasing 
as  the  exhaustion  proceeds,  until  the  bladder,  no  longer  able 
to  bear  the  weight  of  the  superincumbent  air,  breaks  with  a 
loud  report. 

8.  The  elasticity  of  air,  or  indeed  of  any  gaseous  body,  may 
be  shown  by  introducing  under  the  air-pump  receiver  a  bladder 
containing  a  very  small  quantity  of  air,  its  mouth  being  closely 
tied.  As  you  exhaust  the  air  from  the  receiver,  that  portion 
contained  in  the  bladder,  being  no  longer  pressed  upon  by  the 
atmosphere,  will  gradually  expand,  distending  the  bladder  until 
it  appears  nearly  full;  on  readmitting  the  air  into  the  receiver, 
the  bladder  will  at  once  shrink  to  its  former  dimensions. 

A  shrivelled  apple,  placed  under  the  same  conditions,  will 
appear  plump  when  the  air  is  removed  from  the  receiver,  and 
resume  its  former  appearance  on  the  readmission  of  the  air. 

4.  There  is  a  very  pretty  apparatus  made  for  the  purpose  of 
showing  the  pressure  of  the  atmosphere,  consisting  of  a  hollow 
globe  of  brass,  about  three  inches  in  diameter,  divided  into 
two  equal  parts,  which  fit  very  accurately  together;  it  is 
furnished  with  two  handles,  one  of  them  screwed  into  a  hollow 
stem  communicating  with  the  interior  of  the  globe  and  fitting 
on  to  the  air-pump;  the  other  is  attached  to  a  short  stem  on 
the  opposite  side  of  the  globe.  In  the  natural  state,  the  globe 
may  easily  be  separated  into  its  two  hemispheres  by  one  person 
pulling  the  handles ;  but  after  the  air  has  been  exhausted  from 
the  interior,  it  requires  two  very  strong  men  to  separate  the 
parts,  and  they  will  often  fail.  By  turning  the  stopcock,  and 
readmitting  the  air  into  the  interior  of  the  globe,  it  will  come 
asunder  as  easily  as  at  first. 


THE    BAROMETER. 

We  are  indebted  to  the  weight  of  the  atmosphere  for  the 
power  we  possess  of  raising  water  by  the  common  pump ;  for 
the  piston  of  the  pump  withdrawing  the  air  from  the  interior 
of  the  pipe,  which  terminates  in  water,  the  pressure  of  the 
atmosphere  forces  the  water  up  the  pipe  to  supply  the  place 
of  the  air  withdrawn.  It  was  soon  found,  however,  that  when 
the  column  of  water  in  the  pipe  was  more  than  thirty  feet  high, 
the  pump  beoame  useless,  for  the  water  refused  to  rise  higher. 
Why  ?  It  was  found  that  a  column  of  water  about  thirty  feet 
high  exerted  a  pressure  equal  to  the  weight  of  the  atmosphere, 
thus  establishing  an  equilibrium  between  the  water  in  the  pipe 
and  the  atmospheric  pressure. 

This  is  the  principle  on  which  the  barometer,  or  measurer  of 
,  toight,  as  its  name  imports,  is  constructed.     The  metal  mercury 
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in  about  twelve  times  heavier  than  wafer:  consequently,  if  • 
column  of  water  thirty /eel  high  balances  the  pressure  of  the 
atmosphere,  a  column  of  mercury  thirty  inches  high  ought  to 
do  so  also ;  and  this  is  in  fact  the  case.     If  yon  take  a  gUa 
tube  nearly  three  feet  long,  and  closed  at  one  end,  fill  it  with 
mercury,  then,  placing  your  finger  on  the  open  end,  inrerttit 
tube  into  a  basin  or  saucer  containing  some 
of  the  same  metal,  upon  removing  your  finger 
(which  must  be  done  carefully,  while  the  mouth 
of  the  tube  is  completely  covered  by  the  mer- 
cury) it  will  be  seen  that  the  fluid  will  fall  a 
few*  inches,  leaving  the  upper  part  of  the  tube 
empty.     Such  a  tube,  with  a  graduated  scale 
attached,  is  in  truth  a  barometer,  and  as  the 
weight    of  the   atmosphere   increases  or   de- 
crease*, so  tho  mercury  rises  or  falls  in  the 
tube.     This  instrument  is  of  tho  greatest  value 
to  tho  seaman,  for  a  sudden  fall  of  the  baro- 
meter will  often  give  notice  of  an  impending 
storm  when    all   is  line  and  calm,  and   thus 
enable  the  mariner  to  make  the  preparations 
necessary  to  meet  the  danger. 

This  instrument  was  discovered  by  an  Italian 
philosopher,  named  Torricelli.  and  from  him 
the  vacuum  formed  in  the  upper  end  of  the  Fig- 10. 

mho  above  the  surface  of  the  mercury  has  been  called  the 
Torricellian  vacuum.  It  is  by  far  the  most  perfect  vacuum 
that  can  be  obtained,  containing  necessarily  nothing  but  a 
minute  quantity  of  tho  vapor  of  mercury. 

EXPERIMENT. 

Pass  a  little  ether  through  the  mercury  in  the  tube,  and  as 
soon  as  it  reaches  the  empty  space  it  will  boil  violently,  depress- 
ing the  mercury  until  the  pressure  of  its  own  vapor  is  suffi- 
cient to  prevent  its  ebullition.  If  you  now  cool  the  upper  part 
of  the  tube,  so  as  to  condense  the  vapor,  the  pressure  being 
thus  removed,  the  ether  will  again  begin  to  boil,  and  so  alter- 
nately, as  often  as  you  please.  In  order  to  show  this  fact  with 
effect,  the  bore  of  the  tube  should  not  be  less  than  half  an  inch 
in  diameter. 

ATMOSrHFUTC    AIR. 

Atmospheric  air  contains,  besides  the  oxygen  and  nitrogen, 
jts  principal  constituents,  a  small  proportion  of  carbonic  acid 
gas,  as  has  been  mentioned;   and  this  m»y  be  shown  by  filling 
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a  tube  about  half  fall  of  lime-water,  and  shaking  it  with  the 
air  contained  in  the  other  half,  when  it  will  become  slightly 
turbid  from  the  insoluble  carbonate  of  lime  formed. 

When  we  consider  that  every  living  animal  is  constantly 
consuming  oxygen  and  replacing  it  by  carbonic  acid  gas,  and 
that  all  burning  bodies,  fires  in  our  dwellings,  furnaces,  arti- 
ficial lights  of  all  kinds,  act  in  the  same  way  in  abstracting  the 
oxygen  from  the  air  and  replacing  it  by  immense  quantities 
of  carbonic  acid  gas,  which  is  a  poison  to  all  animals  who 
breathe  or  attempt  to  breathe  it,  we  must  wonder  what  be- 
comes of  this  irrespirable  gas,  as  it  is  found  to  exist  in  the  air 
in  quantities  so  minute,  and  by  what  means  the  oxygen  is 
restored  and  the  air  again  made  fit  for  respiration.  This  is 
effected  by  one  of  those  laws  which  the  wisdom  of  the  Creator 
has  impressed  upon  matter,  by  which  one  part  of  creation  as  it 
were  balances  another,  and  all  proceeds  in  an  endless  circle  of 
change.  This  carbonic  acid,  which  is  so  poisonous  to  animal 
life,  is  the  food  of  the  vegetable  world,  plants  having  the  power 
of  taking  up  the  carbonic  acid  into  their  pores,  converting 
the  carbon  into  their  own  substance,  and  rejecting  the  oxygen, 
which  is  again  respired  by  animals,  &c.  In  the  same  way,  all 
animal  refuse  is  the  food  of  vegetables,  and  is  used  under  the 
name  of  manures. 

The  atmosphere  contains  also  a  variable  quantity  of  vapor 
of  water,  invisible  so  long  as  it  is  in  the  state  of  vapor,  but 
it  may  be  rendered  obvious  by  bringing  any  very  cold  body 
into  warm  air,  when  the  vapor  will  condense  on  the  cold  body 
in  the  form  of  small  drops  of  water.  A  tumbler  of  fresh- 
pumped  water  brought  into  a  crowded  room  is  almost  im- 
mediately covered  with  moisture,  and  it  may  also  be  seen  on 
bottles  of  wine  which  have  been  put  into  ice  before  coming  to 
table.     Fogs    are    occasioned   by  the    condensation   of  vapor 

? reduced  by  mixing  a  current  of  warm  air  with  a  colder  air. 
he  Banks  of  Newfoundland  are  notorious  for  dense  fogs, 
occasioned  by  the  warm  air  brought  from  the  south  by  the 
great  Gulf  Stream  mixing  with  the  cold  air  from  the  Arctic 
regions,  and  thus  precipitating  the  vapor  in  a  visible  form, 
rendering  every  thing  but  itself  invisible.  The  famous  London 
fogs  depend  upon  the  same  precipitation  of  the  vapor  of  water, 
with  the  addition  of  the  smoke  from  the  numerous  sea-coal 
fires,  which  give  it  that  interesting  yellow  tinge  for  which  it  is 
so  remarkable. 

Aqueous  vapor,  being  lighter  and  more  transparent  than 
•ir,  permits  objects  to  be  seen  more  distinctly  in  proportion  to 
its  quantity:  hence,  when  distant  hills  appear  nearer  and 
ehjects  upon  them  more  distinct  than  usual,  rain  may  be  ex- 
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Procure  an  old  gun-barrel,  and  plug  up  the  loucb-hole  with 
wire,  or,  if  a  larger  quantity  of  oxygen  in  required,  obtain  an 
empty  iron  quicksilver  bottle,  Ln  the  first  place,  fit  into  tat 
gun-barrel  a  cork  with  a  pewter  tube,  or  stretch  a  piece  of 
vulemibed  India-rubber  Cube  over  the  end  of  the  gun-barrel, 
having  previously  poured  iu  some  black  oxide  of  manganese, 
in  grain,  not  powder,  aa  the  latter  contains  water,  which, 
expanding  into  steam,  has  a  tendency  to  blow  out  the  pow- 
dered manganese,  causing  it  to  clog  the  pewter  lube  or  vul- 
canized India-rubber  tuhing.  If  the  touch-hole  end  be  now 
placed  between  the  bars  on  an  ordinary  fire,  and  the  tube 
conveyed  an  inch  or  so  benenlh  the  surface  of  some  water  in 
a  pail  or  fool-tub,  bubble?  of  gas  will  soon  escape,  which  can 
be  collected  in  a  bottle  previously  filled  with  water  and  held 
over  (he  end  uf  the  pipe;  the  gas  ascends  into  the  bottle,  gra- 
dually displacing  (he  water,  and.  when  filled,  the  bottlo  ii 
corked,  or  stoppered,  under  water,  and  removed  for  use. 


large  mercury -hot  tie  is  used,  an  iron  pipe  is  screwed 

orifice-,  from  which  the  plug  is  removed,  and  when  the 

filed,   the  bottle  is  filled  with   grain  manganese  and 

proper  furnace,  whilst  the  gas  can  be  conveyed  to 

rough  by  means  of  vulcanized  India-rubber  tubing, 

rkably  useful  for  all  experiments  connected  with 
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Obtain  a  Florence  oil  flask,  and,  having  cleaned  out  tbe  oil  by 
means  of  some  bits  of  soap  and  boiling  water,  and  thoroughly 
washing  the  flask,  let 
the  Teasel  dry,  and 
Chen  lake  away  the 
wicker- w  o  rk, — which 
need  not  be  wasted, 
as  it  can  be  coiled 
round  and  bound,  and 
answers  admirably  for 
a  stand  to  support  the 
flask  upright.  Into 
the  flask  place  i 


B  Of  h 


;9of 


4.  Cork  borate  ntllngJi 

■llH. 

0.  Flunk  Dtted  with  ci 


to  each  other,  a 


iwa,  with  epltH-liunp. 


powdered  chlorate  of 
potash  and  One  ounce 
of    powdered    black 
oxide  of  manganese, 
both  of  which  should    , 
be  dry  and  well  mixed 
before  they  are  placed   *lz« 
in  the  flask;  then  fit  a       B 
cork  and  pewter  tube. 
The  cork  can  be  easily 

to*  .i.w  with  .  „\SrS!tJ^&„^,"&TS°^ 

rat-tail    file,  or,  what    from  No.  6. 

is  still  better,  a  cork-  »-B.  With  the  nbove  .m-neement  nearly  ill 
ioMr,  which  oan  be  the  ™t  int«™tinB  ,pu™  m.,  be  prep.™* 
purchased  at  any  of  the  chemical -apparatus  shops.  Now  place 
the  flask  and  bent  tube  on  a  ring-stand,  and  apply  the  heat  of  a 
spirit-lamp,  when  torrents  of  gas  will  escape.  The  oxygen 
■lay  be  collected  in  gas-jars  or  bottles  over  the  pneumatic 
trough,  and  pictures  of  all  the  apparatus  used  are  given  here, 
to  assist  the  manipulation  of  the  youthful  chemist,  who  will,  of 
course,  be  most  desirous  to  begin  by  making  oxygen  gas. 


EXPERIMENTS  WITH  OXYGEN  GAS. 


into  oxygen  gas.  the  taper  relights  with  a  slight  pop  01 
being  a  good  example  of  the  power  of  oxygen  to  tupport  o 

<I49  3B* 
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Into  ■  deflagrating  spoon  (which  is  a  little  cup  made  of  br»sl 
or  copper  screwed  on  to  liie  end  of  a  copper  or  iron  wire)  place 
&  little  aulpbur ;  when  Bet  on  fire,  and  plunged  into  oiygeu,  il 
emits  ft  most  remarkable  colored  ligbt.  After  the  combus 
lion  is  over,  e.ime  amusing  experiments  can  be  made  with  ilii 
product. 


If  a  red  rose  be  placed  inside  the  jar  where  the  sulphur  hal 
been  burnt,  the  color  is  discharged,  and  the  rose  rendered 
nearly  white. 

Many  Tariegak'd  iliililia*,  bin.'  Iiearis,'ji-e.  nr  a  liuneli  nf  blue 
violets,  have  their  colors  curiously  modified,  if  not  bleached, 
by  the  acid  produced,  ivhidi  is  culled  sulphurous  acid,  and  is 
most  largely  employed  for  bleaching  straw  hats  anrt  bonnets. 
The  same  acid  is  exceedingly  valuable  as  a  disinfectant,  and 
also  for  arresting  fermentation.  Many  casks  of  home-madi 
tcme  become  hiiair-mntlt  vintjjuT  in  consequence  of  the  rapidity 
Of  the  fermentation  in  warm  weather;  and  the  fumes  of  sol- 
phur,  obtained  cither  by  burning  that  llilMliWIlp  in  air  or  oxy- 
gen, have  the  remarkable  power  f>f  --topping  the  ti»  rapid  con- 
version  of  sugar  into  alcohol.  The  sulphurous  acid  described 
is  one  of  tbe  most  ancient  bleaching  agents,  and  it  is  even 
mentioned  by  Pliny  as  used  for  whitening  woollen  fleeces. 


After  trying  the  bleaching  experiments  explained,  let  the 
gas  jar  and  tbe  remaining  fumes  stand  for  some  little  time  in  a 
dish  with  water  containing  a  little  nitric  acid,  when  the  acid 
and  some  sulphuric  acid  will  gradually  fall  into  and  mix  with 
tbe  water,  which  should  be  pure  and  distilled.  If  a  piece  of 
paper  colored  blue  with  tincture  of  litmus  be  dipped  into  the 
water,  it  changes  red,  demonstrating  the  presence  of  an  acid 
body;  and,  on  the  addition  of  a  solution  of  nitrate  of  baryta,  a 
white  precipitate  falls,  called  sulphate  of  baryta,  or  heavy  tchiti. 
This  is  a  pigment  largely  used  for  enamelled  papers,  and  is  alst 
sometimes  employed  to  adulterate  white  lead.  Experiments 
always  be  made  instructive  as  well  as  entertaining;  and  the 
of  the  heavy  white  is  a  good  example  of  chemical 
well  as  of  tbe  indestructibility  of  matter,  for  it  now 
a  the  greater  part  of  the  sulphur  originally  burnt  in  tht 
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oxygen  gas, — sulphate  of  baryta  consisting  of  16  parts  sulphur, 
32  parts  oxygen,  and  68£  parts  of  the  metal  barium. 

TO   MAKE    TEST-PAPERS. 

Test-papers  are  ex3eedingly  valuable  to  the  experimental 
chemist  for  the  purpose  of  detecting  the  presence  of  acids  and 
alkalies;  and  they  may  be  prepared  in  the  most  simple  manner. 
Take  an  ounce  of  litmus  and  place  it  in  a  ten-ounce  bottle, 
pour  upon  it  a  mixture  of  five  ounces  of  alcohol  (methylated 
spirit  will  do  very  well)  and  five  ounces  of  water;  continually 
shake  the  ingredients  during  several  days,  when  a  deep 
blue  tincture  will  be  obtained,  which  may  be*  poured  off  clear 
into  another  bottle,  or  filtered  through  blotting-paper.  To  use 
the  tincture  of  litmus,  (for  all  solutions  of  vegetable  substances 
in  alcohol  are  generally  called  tinctures,  especially  when  em- 
ployed in  medicine,)  pour  a  little  into  a  soup-plate,  and  then 
take  some  strips  of  blotting-paper,  pass  them  through  the  tinc- 
ture, when  they  will  absorb  sufficient  to  color  the  paper  a 
lovely  blue,  which  is  now  to  be  hung  up,  and  when  dry  placed 
in  a  well  corked  or  stoppered  wide-mouthed  bottle  in  a  dark 
place.  The  paper  is  now  called  litmus  paper,  and  is  an  exceed- 
ingly delicate  test  for  acid  bodies  soluble  in  water. 

TURMERIC    PAPER. 

This  test  is  used  to  detect  alkalies,  and,  in  contact  with  a 
solution  of  potash,  soda,  or  ammonia,  changes  to  a  reddish- 
brown  ;  it  is  prepared  in  precisely  the  same  manner  as  the 
litmus  paper,  by  using  one  ounce  of  powdered  turmeric  root  to 
five  ounces  spirit  and  five  ounces  water. 

ANOTHER  DELICATE   TE8T   FOR  ALKALIES. 

Take  some  litmus  paper  and  pass  it  through  very  weak  vine- 
gar, and  hang  it  up  to  dry.  The  paper  is  now  red;  but  in  the 
presence  of  an  alkali  it  immediately  changes  to  a  blue,  as  may 
be  noticed  in  trying  some  other  amusing  experiments  with 
oxygen  gas. 

INTEN8E  HEAT  AND  LIGHT  PRODUCED  BT  BURNING  PH08PH0RU8 

IN  OXYGEN. 

If  this  experiment  is  tried  with  the  precautions  mentioned, 
the  gas-jar  may  be  usually  saved ;  but,  if  carelessly  performed, 
the  heat  produced  is  so  great  that  it  generally  cracks  the  glass. 
Take  a  moderate-sized  piece  of  phosphorus  and  dry  thoroughly 
by  pressing  it  gently  in  blotting-paper ;  place  this  in  a  defla- 
grating spoon,  and,  having  previously  removed  the  stopper  of 
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intl  FBOM  WATBE,   OK  TSB  MODE**  fiUK  FEBJL 

Potassium  will  burn  very  readily  in  oxygen  gas,  the  com- 
bustion being  retarded  chiefly  from  the  formation  of  a  crest 
of  oxide  or  potash  covering  the  metal.  This  does  not  most 
if  potassium  is  thrown  on  water:  the  metal  oxidises  rapidly, 
and  so  much  heat  is  generated  during  the  change,  that  tat 
hydrogen  escaping  around  the  ignited  ball  takes  fire,  whilst  tat 
potash  formed  on  the  surface  is  rapidly  cleared  of,  and  tat 
whole  mass  being  oon verted  into  potash  is  at  the  last  a  red-set 
ball  of  that  substance,  and,  being  no  longer  able  to  maintiis 
its  high  temperature,  comes  in  contact  with  the  water,  isd 
bursts  with  a  sharp  crnck;  and  for  that  reason  the  vessel 

in  which  potassium  is  burnt  must  net  be 
approached  at  the  last  stage  of  the  combus- 
tion too  closely,  as  the  particles  from  the 
red-hot  bail  of  potash  would  cause  interne 
agony  if  they  happened  to  enter  the  eye. 

Advantage  is  taken  of  this  property  in  the 
popular  experiment  called  the  "Modem 
Greek  Fire."  Globes  of  glass  are  filled  whs 
ether  or  naphtha,  and  a  thin  glass  tube 
placed  inside,  containing  some  small  pellets 
Fig.  H.  — a.  The  °^  *°e  metftl  potassium.  If  a  bullet  ore 
globe  foil  of  naphtha   marble  is  placed  in  the  glass  globe,  and  it  is 

^Slender  tube  tied  dashed  on  tno  8urface  of  the  water,  the 
to  a  bit  of  thread  at-  gl°be,  with  the  slender  tube  containing  the 
tached  to  the  cork,  potassium,  breaks,  the  contents  are  dis- 
joining the  potas-  charged  on  the  water  upon  which  the  ether 
c.  The  bullet,  to  in-  and  potassium  float,  and  as  the  latter  takes 
■ure  the  fracture  of  fire  instantaneously,  it  communicates  to  the 
the  glass.  ether  or  naphtha,  and  a  perfect  sheet  of  fire 
covers  the  tank,  pond,  or  lake  in  which  the  experiment  is 
performed. 

FIRE    FBOM   ICE. 

Make  a  hole  in  a  thick  piece  of  ice,  dry  it  out  with  some 
cotton,  and  place  into  the  hole  a  bit  of  potassium,  when  tbe 
metal  immediately  takes  fire,  and  sometimes  is  discharged 
from  the  hole  with  great  violence,  especially  if  the  potassium 
has  been  held  some  time  in  the  fingers  and  become  warm.  Care 
must  always  be  taken  not  to  lean  over  the  ice  or  water  during 
experiments  with  potassium ;  and  it  should  be  remembered  that 
it  very  nearly  always  explodes  when  held  in  the  fingers  or 
warmed  before  use. 
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THE  ANALYSIS  OP  AIR. 

One  of  the  most  pleasing  and  simple  experiments  is  that  of 
analyzing  air,  or  separating  it  into  its  constituent  parts :  thus,  if 
a  lighted  taper  be  placed  in  a  bottle,  it  burns  at  first  with  ita 
ordinary  brilliancy ;  in  a  short  time,  however,  the  flame  dimi- 
nishes and  the  work  of  combustion  is  brought  to  an  end.  It 
bight  be  thought  that  the  carbon  of  the  taper  had  removed  all 
the  oxygen  and  converted  it  into  carbonic  acid ;  and,  to  prove 
that  this  is  not  the  case,  a  little  burning  sulphur  in  a  spoon  is 
now  introduced,  which  is  not  extinguished  till  some  time  has 
elapsed.  After  this  burning  phosphorus  may  be  placed  into 
the  same  bottle,  and  when  the  latter  substance  has  ceased 
burning,  no  other  combustible  will 
continue  to  burn,  as  the  oxygen  is 
wholly  removed,  and  nitrogen  with 
the  white  smoke  of  the  phosphoric 
acid  alone  remain;  the  latter  soon 
dissolves  away  in  the  presence  of  a 
tittle  water,  leaving  the  nitrogen 
behind. 

Nitrogen  or  azote  instantly  ex- 
tinguishes a  lighted  taper,  and  is 
lighter  than  oxygen,  as  may  be 
proved  by  the  next  experiment. 


-^i--^:::;:^;^ 


A    LIGHT    OAS    WILL    FLOAT    ON    A 

HEAVY    OAS    LIKE    ALCOHOL    UPON 

WATER. 

If  alcohol,  colored  blue  with 
litmus,  be  placed  into  a  phial,  some 
water  may  be  introduced  beneath  it 
by  means  of  a  tube,  and  the  former 
floats  on  the  latter.  The  same 
principle  may  be  displayed  with 
the  gases:  thus,  if  ajar  containing 
oxygen  is  inverted,  and  placed  with 
the  mouth  upwards,  and  covered 
with  a  glass  plate,  and  another  jar, 

containing   nitrogen   gas,    (with   a       Fig.  15.— a,  gas-jar,  containing 
similar  jrlass  plate,)  in  the  upright    nitrogen;  n,  standing  on  b,  an- 

i~.u:~M    v«  «f.n;w4  ii,w*n  ;+    fu0  ;mrt    other  jar  full  cf  oxygen,  o.    The 
position,  be  placed  upon  it,  the  two    teper  Jc  ig  ^t^,^  at  v  and 

glass  plates  can  be  withdrawn ;  and   re-lighted  at  o.   d,  d,  stand,  sup- 

a  lighted  taper  being  introduced  is   porting  the  jar«. 
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first  extinguished  in  the  top  gas-jar,  containing  the  nitrogen, 
whilst  it  is  immediately  relighted  on  being  thrust  into  tbi 
lower  jar,  containing  the  oxygen. 

TO   FUPiJLB    NlTBOf.IH. 

Into  a  little  porcelain  cup, 
supported  on  a  small  nine- 
glass  or  other  convenient 
stand  placed  in  a  dish  with 
Borne  water,  put  a  piece  of 
phosphorus  ;  set  this  on  fire 
and  invert  a  jar  of  air  OTtr 
it,  and,  aa  the  water  rise)  in 
the  jar,  pour  more  into  tin 
disb;  or,  if  the  stand,  it. 
be  placed  on  the  shelf  of 
the  pneumatic  trough,  the 
water  will  absorb  the  phos- 
phoric acid  and  rise  in  tbe 
jar  in  consequence  of  toe 
removal  of  one-fifth  of  the 
volume, — vii.,  oxygen  gas. 
After  the  white  smoke  hsl 
disappeared,  the  residual 
gas  is  nitrogen. 


Take  four  ] 
nitrogen  and  pass  them  into 
a  tall  jar,  or,  what  is  better,  graduate 
or  divide  a  long  jar  into  five  equal  part*, 
and  fill  four  of  the  parts  with  nitrogen 
gas,  which  extinguishes  flame;  then 
pass  in  some  oxygen  gas,  to  fill  up  the 
remaining  one-fifth  in  the  graduated 
long  glass;  finally,  slide  a  glass  plate 
over  the  orifice  of  the  jar,  and  agitate 
the  vessel  so  as  to  mix  the  two  gases. 
A  lighted  taper  introduced  into  this 
mixture  bnrns  precisely  as  it  would  do 
in  common  air;  and  the  experiment  is 
very  instructive,  and  shows  the  syn- 
thesis   of   the    chief   constituents   of 
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Thr  chief  agent  in  causing  the  repulsion  or  separation  of  the 
particles  of  bodies  from  each  other  is  heat,  or  more  correctly 
taloric,  by  which  is  understood  the  unknown  came  of  the  effect 
called  heat.  Philosophers  are  not  agreed  upon  the  nature  of 
this  wonderful  agent.  It  pervades  all  nature,  is  the  cause  of 
nearly  all  the  changes  that  take  place,  whether  in  Organic  or 
inorganic  matter,  and  has  great  influence  in  the  meteorological 
phenomena  which  we  observe  in  the  atmosphere  that  surrounds 
our  planet.  It  appears  to  be  intimately  connected  with  light, 
electricity,  nnd  magnetism,  subjects  which  I  he  genius  of  Faraday 
and  others  is  investigating,  and  by  their  discoveries  bringing 
us  nearer  to  the  knowledge  of  the  real  nature  of  these  most 
wonderful  forces. 

Caloric,  then,  exists  in  all  bodies,  and  has  a  constant  ten- 
dency to  equalize  itself,  as  far  at  least  as  its  outward  manifesta- 
tion, called  temperature,  is  concerned;  for  if  a  hot  body  be 
brought  near  colder  ones  it  will  pive  up  heat  to  them,  until  by 
its  loss  and  their  gain  they  all  become  of  the  same  tempera- 
ture ;  and  this  proceeds  more  or  less  rapidly  according  as  the 
original  difference  of  temperature  was  greater  or  less.  Some 
other  circumstances  also  influence  this  equalization.  The  con- 
Terse  will  take  plsce  on  introducing  a  cold  body  among  wirrnei 
onea,  when  heat  will  be  abstracted  from  all  the  bodies  within 
reach  of  its  influence,  until  it  has  absorbed  sufficient  caloric  to 
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.tions  may  be  easily  shown  by  taking  two  basins, 
i ue  some  water  at  100°,  in  another  some  water  at  as 
'orature  as  can  easily  be  procured;  hold  the  right  hand 
io  loft  in  the  other,  for  a  few  minutes,  and  then  mix 
ad  place  both  hands  in  the  mixture ;  it  will  feel  quite 
the  hand  that  had  been  in  the  hotter  water,  and  hot  to 
;bor. 
i  order  to  arrive  at  a  correct  estimate  of  the  temperature 
bodies,  instruments  are  made  use  of,  called  thermometers,  or 
masurers  of  heat,  which  show  increase  or  diminution  of  tem- 
perature by  the  rising  or  falling  of  a  column  of  some  fluid  in  a 
tube  of  glass,  one  end  of  which  is  expanded  into  a  bulb,  and 
the  other  hermetically  sealed.     This  effect  is  produced  by  the 
expansion  or  8 willing  of  the  fluid  as  caloric  is  added  to,  and 
its  contraction  when  caloric   is  abstracted  from  it.      Colored 
spirits  of  wine,  or  quicksilver,  are  the  most  usual  thermometrio 
fluids,  and  the  tube  containing  them  is  fixed  to  a  wooden  or 
metallic  frame,  on  which  certain  divisions  are  marked,  called 
degrees. 

That  in  general  use  in  England  is  called  Fahrenheit's,  from 
the  name  of  the  person  who  first  introduced  that  particular 
soale.  In  this  thermometer,  the  point  at  which  the  mercury  in 
the  tube  stands  when  plunged  into  melting  ice  is  marked  32°, 
and  the  distance  between  that  point,  and  the  point  to  which 
the  meroury  rises  in  boiling  water,  is  divided  into  180  equal 
parts,  called  degrees;  so  that  water  is  said  to  boil  at  212°  = 
180°  -j-  32°.  There  are  two  other  scales  of  temperature  used 
in  different  parts  of  the  world,  but  it  is  not  worth  while  to 
notioe  them  here. 

Not  only  do  different  bodies  at  the  same  degree  of  tempera- 
tare  contain  very  different  quantities  of  caloric,  but  this  also  is 
the  case  with  the  same  body  in  different  forms.  Ice,  water, 
*  and  steam,  are  three  forms  of  the  same  body,  but  ice  at  32° 
contains  much  less  caloric  than  water  at  the  same  temperature, 
and  water  at  212°  contains  much  less  caloric  than  steam  (or 
water  in  a  state  of  vapor)  at  that  temperature. 

Place  in  a  jar  any  given  quantity  of  snow,  or  small  pieces  of 
Ice,  at  82°,  and  in  another  the  same  weight  of  water  at  32°, 

Soar  on  each  an  equal  weight  of  water  at  172°,  and  you  will 
nd  that  in  the  first  case  the  ice  will  be  melted,  but  the  tempe- 
rature will  remain  at  32°  or  thereabouts,  while  the  temperature 
of  the  water  in  the  other  vessel  will  have  risen  to  100°  or  there- 
abouts, being  as  near  as  possible  the  half  of  the  excess  of  the 
temperature  of  the  hot  water,  140°  over  that  of  the  cold,  namely 
70°  added  to  82°,  the  original  temperature.  Now,  what  has 
become  of  the  heat  which  was  added  to  the  ice,  and  is  appa- 
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rentlylosl?— it 

a  abtt 

rbrd  by  the 
nay  be  Raid 

;£ 

its  passage  to  t 
a  compound  of 

of  water 
about  6CC 

akelen  ounces  of  water  at  shout  50°,  and 
at  212s,  and  Iho   temperature  of  the  m 
;  then  condense  come  steam  at  212°  int 
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ind  the  temperature  will  be  nearly  212s.  Why  does  the  oi 
•team  at  212°  raise  the  temperature  of  the  water  so  much 
than  the  ounce  of  water  at  the  same  temperature  1  Obv; 
because  it  contains  bidden  in  its  substance  a  vast  quan1 
caloric,  not  to  be  detected  by  t)'n  thermometer;  in  fac 
steam  is  a  compound  of  water  »ncJ  cploric,  as  water  is  I 
pound  of  iei  and  caloric :  and  tin*  cat  *ic  which  exists,  a 
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less,  in  all  bodies  without  producing  any  obvious  effect,  is  called 
latent  caloric,  from  the  Latin  verb  lateo,  to  lie  hidden.  The  quan- 
tity of  caloric  thus  absorbed  as  it  were  by  various  bodies 
differs  for  each  body,  and  for  the  same  body  in  different  forms, 
as  mentioned  above. 

EXPANSION. 

As  a  general  rule,  all  bodies,  whether  solid,  liquid,  or  gas- 
eous, are  expanded  by  caloric.  This  may  be  shown  by  experi- 
ments in  each  form  of  matter. 

Have  a  small  iron  rod  made,  which  when  cold  just  passes 
through  a  hole  in  a  plate  of  metal ;  heat  it,  and  it  will  no 
longer  pass ;  after  a  time  the  rod  will  return  to  its  former  tem- 
perature, and  then  will  go  through  the  hole  as  before.  The 
rod  increases  in  length  as  well  as  width ;  if  you  have  a  gauge 
divided  into  yj*  of  an  inch,  and  place  the  rod  in  it  when  cold, 
noting  its  position,  on  heating,  it  will  extend  to  a  greater 
length  in  the  gauge,  returning  to  its  former  place  when  cool. 
(See  Fig.  18,  p.  457.) 

The  effect  of  caloric  in  causing  fluids  to  expand  is  actually 
employed  as  a  measure  of  quantity  in  the  thermometer,  ihe 
rise  of  the  fluid  in  the  tube  when  heated  depending  on  the 
increased  bulk  of  the  fluid  occasioned  by  the  addition  of 
caloric.  The  same  fact  is  to  be  noticed  every  day  when  the 
cook  fills  the  kettle  and  places  it  on  the  fire.  As  the  water 
becomes  warmer  it  expands,  that  is,  takes  up  more  room  than 
it  did  before,  and  the  water  escapes  by  slow  degrees,  increas- 
ing as  the  heat  increases,  up  to  the  point  of  boiling,  when  a 
sudden  commotion  takes  place  from  a  condensation  of  a  portion 
of  the  water  into  steam. 

But  it  is  in  the  form  of  vapor  or  gas  (which,  by-the-by,  is 
not  the  same  thing*)  that  the  expansive  force  of  caloric  is  most 
obvious.  The  gigantic  powers  of  the  steam-engine  depend 
entirely  on  the  tendency  of  vapor  to  expand  on  the  addition 
of  caloric ;  and  this  force  of  expansion  appears  to  have  no 
limit;  boilers  made  of  iron  plates  an  inch  or  even  more  in 
thickness,  and  the  buildings  or  ships  containing  them,  having 


*  It  may  be  well  to  state  here,  that  by  vapor  is  generally  understood  the 
aerial  form  of  a  substance  usually  existing  in  a  solid  or  ftnid  form  at  ordi- 
nary temperatures;  as  the  vapor  of  iodine,  a  solid;  of  mercury,  water,  spi- 
rits, and-other  fluids;  while  the  term  gas  is  applied  to  those  bodies  usually 
known  in  the  aerial  state;  thus,  oxygen,  nitrogen,  carbonic  acid,  hydrogen 
Ac.  Ac.,  are  called  gases.  It  is,  however,  but  an  arbitrary  distinction;  for 
many  of  these  gases  have,  by  the  combined  influence  of  cold  and  powerful 
preesure,  been  converted  into  fluids,  and  even  solids,— carbonic  acid  gas,  for 
instance! 
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.     ..    ••*«.•**  %ad  *cu:rered  in  all  directions  by  the  ex- 

x  «vt     '.  -*e*ui.      l'»ke  a  bladder,  and  fill  it  about  half 

•.    i.*-   if  'a«  "i«.'0£  securely;  upon  holding  it  to  the 

*«»«-!:  >ui.  w«i  become  quite  tense  from  the  expan- 

.    .  -.'.ijiiUt-'i  t-r. 

^iw:*:  :i  caloric  is  the  sun.  whose  beams,  dif- 
4,l   'uiLure  by  the  refractive  property  of  the 
_-.i-.  *i-     J'-  wuree  of  vitality  both  to  vegetables  and 
^  .,..._,  %iimi  ..-oTieentrated  by  a  large  convex  lens,  pro- 
.     „.,i   incase  heat,  sufficient  to  light  a  piece  of  dia- 
....  jvi!    •i:i;:-jum.     Caloric  is  also  produced  or  evolved 

,  ..:*•.•  ii.  V  *'"^"on,  percussion,  chemical  combination, 
•  .  k»i<i  ^-iLvizusm. 

•  a ~j:'  heal  by  friction  may  be  witnessed  daily  in 
......   risuaav'es.     Lucifer  matches  are  lighted  by  rubbing 

...\     •  irtaiunble  substances  with  which  they  are  tipped 

"»    -.tee   of   sandpaper.      Nearly   all    savage    people 

,     i:-    '?>■  rubbing   a    piece   of    hard   wood   violently 

i  %ii>-.*r  piece.     The  axle-trees  of  steam-engines,  and 

,.  •--.t^v*.  have  been  known  to  be  so  heated  by  friction 

....i.jger  burning  the  carriage ;  and  it  is  very  usual  to  b» 


*.  c.  The  steel,    b.  The  flint,    k.  The  tinder.    D.  Tho  matches 
of  th*  old-fashioned  tinder-box,  a. 
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obliged  to  pour  z.  quantity  of  cold  water  on  the  iron  axle  of  the 
carriages  of  au  express  train  after  an  hour  of  constant  and 
rapid  w..*.  If  you  merely  rub  the  blade  of  a  knife  rapidly 
on  a  piece  of  wood,  it  will  become  hot  enough  to  burn  your 
hand. 

Percussion  is  merely  a  more  energetic  kind  of  friction,  and 
is  often  resorted  to  by  the  blacksmith  to  light  his  furnace.  He 
places  a  nail  or  other  piece  of  soft  iron  on  his  anvil,  and  beats 
it  rapidly  with  the  hammer,  when  it  becomes  actually  red  hot. 
The  production  of  sparks  by  striking  flint  against  steel,  or  two 
pieces  of  flint  one  against  the  other,  is  a  familiar  instance  of 
heat  produced  by  percussion. 

One  of  the  most  powerful  means  of  producing  heat  is  the 
procesb  of  combustion. 

Combustion,  as  the  word  imports,  is  the  burning  together  of 
two  or  more  substances,  a  chemical  union  of  oxygen  generally 
with  carbon  and  hydrogen  in  some  shape  or  other.  In  our 
ordinary  fires  we  burn  coal,  a  hydro-carbon  as  it  is  called ;  and 
the  gas  which  is  now  so  universally  used  for  the  purpose  of 
illumination  is  a  compound  of  the  same  bodies ;  so  wax,  tallow, 
oil  of  various  kinds,  both  of  animal  and  vegetable  origin,  are  all 
hydro-carbons. 

On  the  application  of  a  sufficient  heat,  and  a  free  access  of 
atmospheric  air,  or  of  some  other  gas  containing  oxygen  in  a 
certain  state  of  combination,  these  bodies  take  fire,  and  con- 
tinue to  burn  either  with  flame,  or  a  red  or  even  white  heat 
without  flame,  until  they  are  consumed;  that  is,  until  they 
have  entered  into  new  combinations  with  the  oxygen,  and  are 
converted  into  carbonic  acid  and  water,  the  carbon  forming  the 
first  product,  the  hydrogen  the  other. 


EXPERIMENTS  PRODUCING  HEAT  AND  COLD. 

Water  is  presented  to  us  by  nature  in  three  forms, — viz.,  in 
the  conditions  of  ice,  water,  and  steam ;  and  many  beautiful 
experiments  can  be  made  with  it  in  either  of  these  states. 

CRY8TALS    OF    SNOW. 

Very  few  persons  have  any  idea  of  the  lovely  forms  they 
tread  under  foot  when  walking  over  fresh-fallen  snow,  or  re- 
member that  frozen  water  is  capable  of  assuming  the  three 
states  of  snow,  hail,  and  ordinary  ice. 

The  atmosphere  always  contains  a  considerable  quantity  of 
aqueous  vapor,  or  invisible  steam,  which  collects  in  the  form, 
of  elouds,  and  in  cold  weather,  in  extra- tropical  latitudes,  de* 
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only  been  seen  in  Europe,  but  h 
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gauge,  and  then  Renting  it,  when  (he  bar  will  no  longer 
the  same  space,  and  lias  therefore  expanded, 
alcohol 


and  mercury,  follow  the 
lime  law,  an  shown  in  the 
useful  instrument  called 
the  thermometer ;  but  water 
is  a  curioui  exception,  and, 
after  falling  to  a  tempera- 
ture of  40°  P.,  begins  to 
expand  till  it  reaches  a  tem- 
perature of  82°,  when  it 
floats  upon  the  surface  of 
the  warmer  water,  and  thus 
protects  the  lower  strata, 
containing  the  living  in- 
sects, plants,  arid  fish,  from 
the  dangerous  action  of  In- 
tense cold.  The  fact  itself 
is  proved  by  taking  a  long 
glass  and  nearly  filling  it 
with  water.  If  a  thermo- 
meter is  placed  at  the  bot- 
tom, the  temperature  may 
be,  say  40° ;  whilst  if  a  lump 
ir  two  of  ice  be  placed  ~ 

oats  and  par  ,  „.. 
molts,  reducing  the  tempe-  tng 
rature  of  the  water  to  82°  "<■-■.  ---,;,-; 
Fahr.  Now,  if  the  water  *  «™in*-°>1«ntl 
contracted  as  it  became  colder,  the  particles  would  become 
more  condensed  or  heavier,  and  hence  they  would  sink  to  the 
bottom,  and,  being  succeeded  by  fresh  quantities  of  warmer 
water,  the  whole  volume  would  sink  to  the  freezing -point,  or 
82°  Fabr. ;  whereas  they  expand,  become  lighter,  and  swim  on 
the  surface    of  the   warmer  part  of  the   fluid,   like    oil    upon 


Rose's  fusible  metal  is  made  by  melting  one  part  of  lead  and 
mixing  with  it  one  part  of  tin  and  two  parts  of  bismuth.  A  bar  of 
this  alloy  expands  till  it  attains  a  temperature  of  111°  Fahren- 
heit; it  then  rapidly  contracts  by  the  addition  of  heal,  and  at 
166°  attains  its  greatest  density  or  contraction.  After  passing 
this  temperature,  the  mrtnl  again  expands,  and  melts  at  201°, 
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lining    Mum    degree"   Md*   the  hniliqg  point  rf  w 

Dial    ri'iii eiliiln    p*r*OM|    of  euume  wage,  bare  ufat  » 

IraUbll   10  mnku  ■nvMU  irf  i'.  and  una  may  easily  i»n  "ai 
»ii'|iiIkb  uf  miy  Hrxrc  per.uii  ajiiially  stirring  lii*  «r  ber  »e  . 
■»u  I  lii-  •iiiiuii  gradually  lllnppMf  from  their  vision  wlmti 
lit*  ttqW  <tn<*  tn  llii'  bottom  of  ilii-  cup. 

■AH!     til    DXAHIMa    Til*    VAMIKII    RttTITALLI 

11..  wBWll|  Mn  MW  •■  »  ''lack  >i*t  or  a  piece  of  black 
>»li<i  *»>'  •»*'"H«iiiK  ii  liy  MMI  nf  »  magnifying  glass,  it  i- 
AMUitt*]  HWt  l''*1  lll*'.v  **■  ""l  Dl,'re  shapeless  flakes,  but 
|S.'i»«  v»'rt*IUn«  f"niiJ>  of  PitriTin!  beauty  and  of  very  great 
V*ftot$  In  tlie  I'olar  region*  Know  imuniBa  (lie  most  beauiifu! 
.«,^*vW  1\»rmn  rWve«hy  una  figured  ninety-sii  varieties 
.,,,.1  Iht.i  llnTO  ()»!•*•  1  Yil.:  Lamellar,  or  disposed  ir 
MM  mlm  •%•*■»'•".  «*  iliiit-likn.  or  sharp-pointed ;  and  ity-g- 
MM^<IM|I|       The  «nnw  ory-lnln  constantly  vary,  like  tat 

KtWTM  «f   a    MtnBMfti    «"ii  sometimes  resemblo  parallel 
**    tHvn   MMl   aplnee   wllli   rose"-   " 


Of 

On 


*m«  **  «»»  i»MMi  nun  "action  °>  ■*  solid. 
•  •>  \*a*rfw  fewiirred  nitre  rapidly  in  »a(er,  when  . 
t»Wt»«4«^^<-'  "  W  ,'""  IV',""  5II°  *°  ■  This  f*r|  '*  "ell  know 
lured  nlHi-ors  in  hot  climates,  who  1 1  .-evughly  apjot- 
**»  W  ralin  «f  »  cartridge  shaken  gently  nw  .fce  neck  of  a 
V„(i|»i«I  wtM  MiaiKng  In  a  pail  of  water.  To*  oa.iridge  ena- 
i«IM>  Mitre,  which  liquefies  rapidly  and  cuols  r  i ..-  * 

',(  In ii  hundred  and  seven  pans  of  lend.  ;  1>  ...<  ,;E  „, 
■St  uf  bismuth  melted  together  and  granulate*!  ..  |iUq< 
Whll'l  liquid  into  water)  will  produce  a  temperamr*  of  >T 
Mnw  Iho  freeiing-point  of  water,  if  added  rapiJ'.T  to  ICU 
pari*  of  quicksilver. 

11(1.  Four  ounces  of  nitrate  of  ammonia,  four  ounces  of  car- 
Inmate  of  soda,  dissolved  in  four  ounces  of  water,  will  froeaa 
Wftler  contained  in  a  convenient  thin  metallic  vessel  surrounded 

with  it 

Take  some  blue  vitriol  and  heat  it  lo  redness  in  a  crucibl*: 
when  cold,  place  it  in  a  well -stoppered  bottle  for  use.  If  a 
little  be  put  on  a  plate  and  sprinkled  wiib  cold  water,  9 tea* 
onsiderable  quantity;  and  if  a  slice  of  phosphorite 
n  the  surface  of  the  blue  vitriol,  it  will  take  fire  ir 
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consequence  of  the  latent  heat  get  free  by  the  chemical  union 
of  the  water  with  the  dry  sulphate  of  copper  or  blue  vitriol, 
when  the  water  is  in  effect  solidified.  Ships  laden  with  lime 
have  taken  fire  from  the' leakage  of  the  water,  which  combine- 
with  the  lime  and  produces  a  great  heat. 


A  pint  of  water  mixed  with  one  pint  of  oil  of  vitriol 
rates  a  large  amount  of  heat,  and  when  cold  does  m  ' 
two  pints,  showing  that  condensation  bas  taken  plat 


If  a  nail  is  made  red  hot,  it  gl< 
throws  off  heat,  which  is  apparent 
horseshoe-nail     is     exa- 
mined, there  is 

evidence  of  the 

of  heat;  when,  however, 
the  same  cold  nail  is 
rapidly  hammered  on  an 
anvil,  enough  heal  is  ob- 
tained to  set  fire  to  a 
Eiece  of  phosphorus.  The 
eat  thus  squeezed  ont 
by  compression  is  called 
latent  heat. 


Hoar-frost  is  caused  by 
the  freezing  of  the  dew 
deposited  on  the  branches 
and  twigs  of  trees  and 
bushes,  and  may  be  per- 
fectly imitated  by  ar- 
ranging some  sprigs  of 
holly  or  other  plants  on 
a  wooden  stand,  in  the 
centre  of  which  is  fitted 
a  small  evaporating- dish 
containing  some  benzoic 
acid.  On  the  application 
of  heat,  the  aaid  is  sub- 
limed, .and  may  be  col- 
lected in  a  g&'-jar  placed 
ever  the  stand  and  bits 


Fig,  Zt.— Circular  -ooden 
il>ri|!N  uf  hully,  *e,  Innrtrd. 
a.  The  on jar,  with  tapper 


UTL 


nf  hilly ;  and,  ns  the  ynpor  cools,  a  beautiful  deposit  of  tits 
rrvuhils  of  benzoic  acid  on  the  miniature  trees  mke!<  place. 
Thin  o*.].orinienl  admits  of  a  very  tasteful  arrangement,  anil 
lftw  ootupleliou  will  last  a  loog  lime,  if  protected  by  a  gl»M 

To  show  that  the  heat  abstracted  by  the  boiling  of  one  liquid 

•  III  (teem  another,  fill  a  tall  narrow  glass  about  half  full  of 
**H  w»t»r.  Ilhe  colder  the  better,)  and  place-  in  it  a  thin  glass 
luti*  ivalatnlng  some  elber.  Put  them  under  the  receiver  of 
an  >l  i  ■■ .  ii.i  [>  As  you  eihaust  the  air,  the  ether  will  begin  to 
Wil.  until  at  length,  by  continuing  the  exhaustion,  the  water 
tuw*4utt«l;  surrounding  the  tube  of  ether  will  freeze,  and  a 
tul«aWy  tart*  !»•"  of  '™  msJ  lllUB  ba  obtained. 

KtWr  »T«purat««  «  ropiiily  even  under  the  pressure  of  tbe 

•  i win va  tv*,  that  a  smalt  animtal,  such  as  a  mouse,  may  be  acl- 
a*t'.,v  tlv«»a  la  death  by  constantly  dropping  ether  upon  it. 
tf  puuml  on  thn  hand,  ft  produces  a  degree  of  cold  that  soon 
b«vuoic.«,  U  My  the  least,  unpleasant. 


.  ..ft  about  a  pound  of  oil  of  vitriol, 

;r  of  the  air-pump,  and  set  in  it  a  watch-glass 

le  water,  supported  on  a  stand  with  glait  legs. 

then    the   water  wilt    evaporate,    bat 
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without  boiling,  and  the  vapor  being  absorbed  as  it  forms  by 
the  oil  of  vitriol,  the  vacuum  is  preserved,  and  the  evaporation 
continues,  until  the  vapor  has  abstracted  so  much  caloric  from 
the  remainder  of  the  water  that  it  is  all  at  once  converted 
into  ice. 

In  most  elementary  works  on  chemistry  may  be  found  a  long 
Iftblc  of  freezing-mixtures,  as  they  are  called,  some  with  and 
others  without  ice  or  snow.  I  have  selected  a  few  from  each 
division. 

FREEZING-MIXTURES   WITH   ICE   OB   SNOW. 

{Snow  or  powdered  ice 2  parts. 

Powdered  common  salt 1  " 

fSnow 6  " 

-J  Powdered  common  suit 2  " 

(  Powdered  sal  ammoniac 1  " 

/Snow 8  " 

\  Dilute  sulphuric  acid 2  " 

f  Snow 2  " 

(Crystallized  muriate  of  lime 3 

WITHOUT   SNOW  OB  ICE. 

{Sulphate  of  soda 3  parts. 

Pilute  nitric  acid 2     " 

{Nitrate  of  ammonia 1     " 

Water 1 

{Phosphate  of  soda 2 

Dilute  nitric  acid 1 

f  Sulphate  of  soda 2 

\  Muriatic  acid 1      -  j 

The  effects  of  most  of  these  mixtures  may  be  considerably 
increased  by  previously  cooling  the  ingredients  separately  in 
other  freezing-mixtures. 


<« 

<« 
<( 
«< 
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CRYSTALLIZATION. 

The  ancients  were  unacquainted  with  the  nature  of  crystals, 
and  very  far  from  having  any  just  idea  of  the  phenomena  of 
crystallization;  for  Pliny,  who  flourished  in  the  first  century 
of  the  Christian  era,  speaks  of  the  rock-crystal  as  a  piece  of 
ice  frozen  to  the  point  of  acquiring  a  permanent  consistency 
and  durability ;  when,  in  fact,  the  rock  crystal  is  composed  of 
a  mineral  called  silica,  which  crystallizes  in  six-sided  prisms, 
terminating  with  six-sided  pyramids. 

The  phenomena  of  crystallization,  so  replete  with  beauties, 

469  40 


f 


VI  CHEMIHTBV. 

and  so  marvellous  in  their  results,  often  take  place  within  Si 
reach  of  our  ubservniian,  without,  however,  attracting  it,  troa 
our  ignorance  of  t lie  lIlMlliiitMHH  The  substance  which  in 
cold  Hid  dry  winter  nights  covers  the  panes  of  glass,  exhibit- 
ing vnii.ius  tiintuslir  run!  clcganl  ramifications,  ia  the  hums! 
breath  crystallized.  The  pellucid  and  transparent  eofilinf; 
which  in  the  depih  of  winter  covers  and  so  elegantly  decks  lln 
branches  of  trees  and  leaves  of  evergreens  is  no  more  thin 
crystallized  water.  The  snow  which  falls  and  accumulate! 
before  our  eyce,  is  a  congeries  or  mass  of  an  immense  cumber 
of  separate  and  transparent  crystals  of  ice. 


I  common  willow  or  wire  basket  may  tw 
covered  with  beautiful  crystals,  by  iro- 
merging  ii  in  a  Kotutitin  'if  alum  prepared 
lor  i h«  purpose.  The  water  used  for  tbe 
fniii(i'..u  must  be  twice  the  quantity  re- 
quired to  cover  the  basket,  and  sufficient 
alum  put  in  to  moke  a  saturated  solution, 
— s  which  you  must  filter  through  a  piece  of 

brown  paper  into  a  saucepan  or  pipkin.  But  if  you  wish  your 
basket  lu  lie  colored,  Ihe  dye  must  be  added  to  the  solution 
before  it  is  filtered.  To  produce  rrtnweit  crystals,  it  is  nece"- 
sary  to  use  an  infusion  of  maddex  and  cochineal ;  ytlhto, 
muriate  of  iron  or  turmeric  ;  Mark,  Jiipnn  ink  thickened  villi 
gum  I  hint,  a  snlutinn  of  imii(;o  in  sulphuric  acid;  pale  blur, 
equal  portions  of  alum  and  blue  vitriol;  and  to  produce 
green,  you  have  only  to  odd  n  these  lust  ingredients  a  few  drops 
of  muriate  of  iron.  Of  course,  all  these  colors  are  more  or 
less  deep,  according  to  the  quantity  of  coloring-matter  era- 

Thc  solution  being  filtered,  boil  it  gently  until  half  tbe  quan- 
tity has  been  evaporated,  then  put  it  into  a  jar,  or  any  other 
vessel  in  which  the  basket  may  be  immersed,  and  remove  it 
with  its  contents  to  a  dry  place,  where  it  nay  cool  without 
being  disturbed. 

It  is  to  be  observed  that,  if  you  make  use  of  a  wire  basket, 
the  wire  must  be  filed,  or  covered  nil  over  with  worsted,  aa  the 
surface  of  whatever  is  incrusled  must  be  equally  rough. 


Pour  three  ounces  of  diluted  nitric  acid  into  a  glass  vessel,  and 
add  to  it  gradually  two  ounces  of  bismuth  broken  by  a  htqnuer 

111  piece*.    The  metal  will  he.  attacked  with  great  energy, 
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and  nitrate  of  bismuth  will  be  formed.  Crystallize  the  solution 
by  a  gentle  heat,  and  preserve  the  crystals,  which  possess  great 
beauty,  under  a  glass. 

BEAUTIFUL   GROUPS   OF   CRYSTALS. 

Dissolve  in  teven  different  tumblers,  each  containing  warm 
wafer,  half-ounces  of  the  sulphates  of  iron,  copper,  zinc,  soda, 
alumina,  magnesia,  and  potash.  Pour  them  all,  when  com- 
pletely dissolved,  into  a  large  evaporating-dish  of  Wedgwood 
ware,  and  stir  the  whole  with  a  glass  rod;  set  the  dish  in  a 
warm  place,  where  it  cannot  be  affected  by  the  dust,  and  where 
it  may  not  be  agitated.  When  the  necessary  evaporation  has 
taken  place,  the  whole  will  shoot  out  into  crystals.  These  will 
be  interspersed  in  small  groups  and  single  crystals  among 
each  other.  Their  color  and  peculiar  form  of  crystallization 
will  distinguish  each  crystal  separately,  and  the  whole  together, 
remaining  in  the  respective  places  where  they  were  deposited, 
will  display  a  very  curious  and  beautiful  appearance.  Preserve 
it  carefully  from  dust. 

CRY8TALS    OF   ALUM. 

Dissolve'  a  pound  and  a  half  of  alum  in  a  quart  of  boiling 
water,  and  suspend  in  it  a  piece  of  coke  ;  set  it  aside  to  cool, 
and  a  beautiful  crystallization,  resembling  a  mineralogioal  spe- 
cimen, will  be  obtained. 

METALLIC   CRYSTALLIZATION. 

Melt  a  ladleful  of  bismuth,  and  let  it  cool  gradually  till  a 
thin  crust  has  formed  on  its  surface ;  then, '  by  means  of  a 
pointed  iron,  make  two  small  apertures  through  the  crust; 
quickly  pour  out  by  one  of  the  openings  the  fluid  portion,  as 
carefully  and  with  as  little  motion  of  the  mass  as  possible, 
whilst  the  air  enters  at  the  other.  On  removing  the  upper 
crust  by  means  of  a  chisel,  when  the  vessel  has  become  cold, 
a  cup-shaped  concavity  will  appear,  studded  with  very  brilliant 
crystals,  more  or  less  regular,  according  to  the  quantity  of  bis- 
muth employed,  the  tranquillity  and  slowness  with  which  it 
cooled,  and  the  dexterity  with  which  the  fluid  portion,  at  the 
moment  it  began  to  harden,  was  decanted  from  the  crystal- 
lized part.  The  same  effect  may  be  produced  by  fusing  the 
substance  in  a  small  crucible  which  has  a  hole  at  its  bottom, 
lightly  closed  by  an  iron  rod  or  stopper,  which  is  to  be  drawn 
out  when  the  mass  begins  to  congeal :  by  this  means  the  supe- 
rior portion,  which  is  fluid,  is  made  to  run  off,  and  a  cake 
«*udded  over  with  crystals  is  obtained. 
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CRYSTALS   OF   BLUE  VITRIOL. 

Boil  a  few  copper  filings  in  concentrated  sulphuric  acid,  U 
which  a  small  portion  of  nitric  acid  has  been  added,  and, 
when  the  copper  is  dissolved,  dilute  the  mixture  with  a  little 
water,  and  then  leave  it  where  it  can  cool  gradually.  If  the 
mixture  be  then  suffered  to  remain  a  few  hours  undisturbed, 
beautiful  crystals  of  blue  vitriol  will  be  found  at  the  bottom 
of  the  vessel,  as  hard  as  some  minerals. 

CRYSTALLIZATION   ON   INSECTS,    FLOWERS,   1M08BES,   ETC. 

The  application  of  aluminous  crystallization  to  objects  of 
natural  history  and  botany  has  opened  a  wide  field  of  amuse- 
ment in  a  subject  heretofore  possessing  little  variety,  inas- 
much as  baskets  have  been  nearly  the  only  articles -subjected 
to  the  process  of  crystallization. 

Put  eighteen  ounces  of  alum  into  a  quart  of  water,  (keep- 
ing the  same  proportions  for  a  greater  or  less  quantity,)  and 
dissolve  it  by  simmering  it  gently  in  a  close  tinned  vessel  over 
a  moderate  fire,  stirring  it  frequently  with  a  wooden  spoon. 

When  the  solution  is  completed,  it  must  be  poured  into  a 
deep  glazed  jar,  and,  as  it  cools,  the  subjects  intended  to  be 
crystallized  should  be  suspended  in  it  by  a  piece  of  thread 
or  twine,  from  a  stick  laid  across  the  mouth  of  the  jar, — where 
they  must  be  suffered  to  remain  for  twenty-four  hours.  When 
taken  out  of  the  solution,  they  are  to  be  hung  up  in  a  shady, 
cool  situation,  till  perfectly  dry.  Care  must  be  taken  that  the 
solution  is  neither  too  hot  nor  quite  cold,  as  in  the  one  case 
the  crystals  will  be  very  small,  and  in  the  other  much  too 
large. 

The  insects  adapted  for  crystallization  are  spiders,  beetles, 
and  grasshoppers;  and  among  the  vegetable  productions  the 
common  moss-rose,  bunches  of  hops,  eaiys  of  corn,  the  daisy, 
hyacinth,  pink,  furze  blossoms,  lichens,  and  mosses  are  some 
of  the  most  suitable  subjects;  the  nests  of  small  birds,  with 
their  eggs,  particularly  if  fastened  on  the  branch  of  a  tree, 
are  exceedingly  interesting.  It  is  necessary  to  observe  that 
much  attention  must  be  paid  to  the  deposition  of  the  alum, 
to  see  that  too  great  a  quantity  does  not  settle  upon  some 
parts  and  too  little  upon  others. 

OXY-CHLORIDE    OF   LEAD. 

Melt  in  the  bowl  of  a  tobacco-pipe,  or  in  a  small  crucible, 
a  mixture  of  an  ounce  of  litharge  of  lead,  and  a  drachm  of 
pulverized  muriate  of  ammonia :  when  well  incorporated  by  ex- 
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posure  to  a  red  heat,  pour  it  into  a  metallic  cup,  and  allow 
it  to  cool :  the  result  will  be  oxy-chloride  of  lead  of  a  bright 
yellow  color,  which,  when  broken,  will  present  a  most  beau- 
tiful crystalline  appearance. 

CRYSTALS    OF   GLAUBER   SALTS. 

On  a  solution  of  common  soda  pour,  by  small  quantities  at 
a  time,  diluted  sulphuric  acid,  until  the  effervescence  ceases ; 
by  gently  evaporating  the  solution  in  a  saucer  near  a  fire, 
crystals  of  sulphate  of  soda  (Glauber  salts)  will  be  obtained. 

COMMON    SALT. 

Take  some  muriatic  acid,  and  mix  it  with  thrice  its  bulk 
of  water,  adding  thereto  as  much  soda  as  it  will  dissolve ;  by 
slowly  evaporating  the  solution  before  the  fire,  muriate  of  soda 
(common  table-salt)  will  be  obtained. 

TO   MAKE    LARGE   CRY8TALS. 

The  salt  to  be  crystallized  is  to  be  dissolved  in  water,  and 
evaporated  to  such  a  consistency  that  it  shall  crystallize  on 
cooling.  Set  it  by,  and  when  quite  cold  pour  the  liquid  part 
from  the  mass  of  crystals  at  the  bottom,  and  put  it  into  a  flat- 
bottomed  vessel.  Solitary  crystals  will  form  at  some  distance 
from  each  other,  and  gradually  increase  in  size.  Pick  out  the 
most  regular,  put  them  into  another  flat-bottomed  vessel,  a 
little  apart  from  each  other,  and  pour  over  them  a  quantity  of 
fresh  solution  of  the  salt  evaporated,  till  it  crystallizes  on  cool- 
ing. Alter  the  position  of  every  crystal  once  at  least  every 
day,  with  a  glass  rod,  that  all  the  faces  may  be  alternately 
exposed  to  the  action  of  the  liquid ;  for  the  face  on  which  the 
crystal  rests  never  receives  any  increase.  By  this  process  the 
crystals  will  gradually  augment  in  size.  When  they  have  ac- 
quired such  a  magnitude  that  their  forms  can  easily  be  distin- 
guished, the  most  regular  are  to  be  chosen,  or  those  which 
have  the  exact  shape  which  you  wish  to  obtain.  Each  of  them 
should  be  put  separately  into  a  vessel  filled  with  a  portion  of 
the  same  liquid,  and  turned  by  the  glass  rod  several  times  a 
day,  and  by  this  treatment  you  may  obtain  them  almost  of  any 
size  desired.  Whenever  it  is  observed  that  the  angles  and 
edges  of  the  crystals  become  blunted,  the  liquid  must  imme- 
diately be  poured  off,  and  fresh  liquid  put  in  its  place;  other- 
wise the  crystals  will  be  infallibly  destroyed. 
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Dissolve  two  drachms  of  acetate  of  lead  in  a  quart  of  water, 
an  I  aet  it  aside  for  a  day  or  two,  decant  the  clear  solution  into 
a  large  phial,  and  in  the  centre  suspend  a  piece  of  lino,  bj 
means  of  a  silk  thread  fixed  to  the  cork.  If  the  whole  be  left 
undisturbed,  the  lead  will  arrange  itself  around  the  sine  in 
beautiful  metallic  plates  resembling  a  shrub. 


saturated  solution  of  pare  silver  Is 
nitric  acid,  and  four  draobml 
of  a  similar  solution  of  mer- 
cury in  the  same  acid,  be  di- 
luted with  Sve  ounces  of  dis- 
tilled water,  and  poured  into 
a  small  decanter  or  glass 
phial ;  then  compose  an  amal- 
gam, by  mixing  one  part  of 
finely-divided  silver  with  seven 
parts  of  mercury,  and  place  a 
small  lump  of  it  at  the  bot- 
tom of  the  bottle,  which  most 
be  kept  quite  still.  In  a 
short  time  Ilia  surface  of  the 
amalgam  will  be  covered  with 
minute  filaments  of  silver,  ami 
after  standing  about  forty- 
eight  hours,  the  solutk 


t   all   i 


i   the 


form  of  brilliant,  arborescent 
crystals,  springing  like  a  glit- 
tering shrub  from  the  bottom 
of  the  vessel. 


THE  CHEMISTRY  OF  WATER. 


Ordinary  spring-water  contains  carbonic  acid  gas,  which 
imparts  an  agreeable  freshness  and  makes  it  agreeable  to  the 
taste.  It  iB  easily  detected  by  adding  a  solution  of  lime-water, 
vhen  the  carbonic  acid  unites  with  the  lime  and  forms  carbon- 
ate of  lime,  which  is  precipitated  as  a  white  substance  and  is 
in  fact  common  chalk. 

Spring-water    also    contains    generally   sulphuric    acid    and 
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chlorine  in  combination  with  lime,  magnesia,  soda,  of  potash ; 
these  salts,  with  some  organic  matter,  oxide  of  iron,  silica,  and 
alumina,  usually  constitute  the  residue  left  after  evaporating  a 
gallon  of  water  to  dryness,  and  hence  the  formation  of  what  is 
called  deposit  or  incrustation  in  boilers,  or  fur  in  tea-kettles. 

To  half  a  pint  of  water  add  a  solution  of  nitrate  of  silver 
with  some  pure  nitric  acid.  Chloride  of  silver  is  thrown  down, 
which  is  a  white  precipitate  that  gradually  blackens  when  ex- 
posed to  light,  and  is  evidence  of  the  presence  of  chlorides 
such  as  common  salt. 

To  another  portion  add  some  solution  of  nitrate  of  baryta 
with  a  little  more  nitric  acid ;  a  white  precipitate  of  sulphate 
of  baryta  is  formed,  and  shows  the  presence  of  sulphuric  acid, 
most  likely  in  combination  with  the  lime,  forming  sulphate  of 
lime  or  gypsum. 

To  a  third  portion  add  some  oxalate  of  ammonia,  and  white 
oxalate  of  lime  will  be  produced,  if  the  water  contains  lime. 

To  detect  the  oxide  of  iron  in  water,  a  pint  should  be  evapo- 
rated to  dryness  in  a  porcelain  dish;  to  the  residue  some 
hydrochloric  acid  should  be  carefully  added  in  very  small  quan- 
tity, and  the  excess  gently  evaporated  away ;  then,  on  the 
addition  of  a  little  water  and  a  solution  of  ferrocyanide  of  potas- 
sium, a  splendid  blue  is  produced,  called  Prussian  blue,  if  oxide 
of  iron  be  present. 

The  detection  of  the  other  substances  in  the  water  will  require 
more  practical  skill  than  can  be  obtained  by  reading  this  little 
work;  and  the  reader  is  referred  to  Abel  and  Bloxam's  "  Hand- 
Book  of  Chemistry." 


PURE   WATER  IS   NOT  AFFECTED   BY   THE   TESTS. 

Put  some  spring- water  into  an 
ordinary  kettle,  the  spout  of  which 
has  been  closed  by  a  cork.  Get 
the  tinman  to  make  another  lid,  as 
shown  at  Fig.  27,  and  to  fit  a  piece 
of  pewter  pipe  into  the  top  of  it. 
Haying  placed  the  kettle  on  the 
fire,  arrange  the  pipe  as  shown  at 
Fig.  28,  and  wind  round  it  a  piece 
of  cotton  cloth;  keep  this  constantly 
moist,  and  as  the  steam  rises  it  is 
condensed  in  the  pipe  and  runs 
down  into  a  bottle,  when  it  is  now 
called  aqua  pura,  or  distilled  water. 
Let  the  first  quantity  that  distils 
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Fig.  27 .—The  lid  to  fit  into  tea- 
kettle. A  is  the  pipe  to  which 
the  pewter  condensing-pipe  will 
be  attached,  b  is  the  supply- 
pipe  for  putting  in  fresh  water, 
and,  when  steam  issues  from  it, 
more  water  must  be  poured  into 
the  kettle. 
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Into  a  common  wine-bottle,  provided  with  a  cork  and  pewter 
tube,  place  some  granulated  lino  or  line  cuttings  ;  fill  the  bottle 
about  half  full  with  water,  and  add  some  oil  of  Titriol, — when 
effervescence  takes  place  from  the  escape  of  hydrogen  gas, 
which  may  be  collected  in  gns-jurs  on  the  pneumatic  trough, 
the  same  as  oxygen  gin,  by  tilting  in  the  cork  and  tube. 


If  it  is  desired  lo  ace  the  hydrogen  burn  from  the  end  of  tba 
pewter  pipe,  it  should  he  turned  up  pn-niphr.  and  before  apply- 
ing flume  the  first  portion  of  the  pas  must  bo  allowed  to  escape, 
or  else  the  air  already  in  the  bottle  mii«>  with  the  hydrogen 
and  forms  nn  eiplnsive  mixture,  and,  if  this  is  fired,  the  cork 
and  pewter  pipe  are  blown  to  the  ceiling,  whilst  the  bottle  is 
frequently  broken  and  the  acid  spilled  about.  A  caseoccurred 
where  some  bnvs,  making  hydrogen  in  their  bedroom  in  an  ink- 
hottlo,  with  a  tohnccn-pipe  stem  fur  a.jet.  incautiously  applied 
the  flame,  when  the  whole  exploded,  and  one  of  the  poor  boys 
lost  his  eyesight, 

T«ken6n"er-e!ase.  and.  after  put  tint;  in  plenty  of  granulated 
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tine,  pour  on  Borne  water  and  oil  of  vitriol,  when  a  powerful 
effervescence  takes  place,  and  the  liquid  boils  over  the  sides  of 
the  glass,  which  should  stand  in  a  soup-plate.  Flame  applied 
sets  fire  to  the  bubbles  of  escaping  hydrogen,  that  dart  ovei 
the  whole  surface  and  produce  a 
number  of  slight  explosions.  This  > 
experiment  should  be  performed 
under  a  chimney  or  in  the  open  ■ 
air,  as  the  aoid  smoke,  or  rather 
steam,  is  very  disagreeable. 


When    a   gas-jar  is    filled    with 
hydrogen,  it  may  be  lifted  carefully 
from  the  pneumatic  trough  without 
fear  of  any  gas  escaping,  and  placed 
on  a  stand  sufficiently  high  to  ad- 
mit of  the  hand  being  inserted  into 
the  jar;    if  one  of  the   squeaking 
toys  bo  first  worked  in  the  air  and 
then  in  the  jar  of   hydrogen,   the    , 
effect    is    very   laughable,    as    I' 
sound  becomes  so  shrill,  in  con 
quence  of  the  levity  of  the  gas. 
bell  sounded  in  air  and  afterward  Hg.39^-Th.jarofhydrogBo»n4 
in  hydrogen  is  also  an  amusing  ex-  the  107  Id  hud. 

perimenL 


Take  the  generating  hydrogen  bottle,  and  fit  a  long  jet  with 
a  small  orifice;  if  the  hydrogen  is  set  on  fire,  and  a  tube  placed 
oyer  it  at  a  certain  place,  the  hydrogen  flame  begins  to  flicker 
and  emit  a  sharp  sound,  which  is  varied  according  to  the  length 
and  diameter  of  the  glass  tubes.  Sometimes  many  tubes  may 
be  tried  before  the  sound  can  be  obtained. 


If  the  jet  over  which  hydrogen  is  burning  is  held  under  a 
cold  glass  jar,  the  steam  is  very  soon  condensed,  and  trickles 
down  the  sides  in  drops  of  water,  produced  by  the  combi- 
nation of  the  hydrogen  with  the  oxygen  of  the  air,  as  every 
nine  pounds  of  water  consist  of  eight  of  oxygen  and  one  of 
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Take  two  or  three  ounces  of  pure  nitrate  of  ammonia  i 
lals.  and  put  thern  inio  a  retort,  tlieu  apply  the  beat  of  a  Inuin 
lo  the  retort,  and  take  care  that  the  heat  does  not  exceed  SiHr1. 
When  the  crystals  begin  to  melt,  nitrous  oxide  gas  will  ba 
evolved  in  considerable  quantities.  Nitric  oxide  gas  maybe 
(produced  by  pouring  nitrio  acid,  diluted  with  six  limes  its 
weight  of  water,  on  copper  filings,  or  small  pieces  of  tin.  The 
gns  is  evolve!  until  the  at  id  i*  saturated  with  oxide  of  copper, 
when  the  process  may  be  stopped. 

To  inhale  l-iur/hmy-;i  .-is.—  l'i  ■■■■jure  an  oiled  or  varnished  silk  bag, 
or  a  bladder  furnished  with  a  slop-cock;  fill  it  with  pure 
nitrous  oxide,  anil,  niter  emptying  the  lungs  of  common  air, 
take  the  slop-cock  into  the  mouth,  and  at  the  same  time  hold 
the  nostrils;  llio  sensations  produced  will  be  of  a  highly  pleas- 
ing nature.  A  great  propensity  to  laughter,  a  rapid  flow  of 
vivid  ideas,  and  an  QDUiual  fitness  for  muscular  exertion,  are 
the  ordinary  feebngs  which  it  (teiii-mlly  produces.  The  sensa- 
tions produced  hy  breathing  this  gas  are  not  the  same  in  all 
person.*,  but  l lie j  are  ulivnyx  of  an  agrceahlc  nature,  and  not 
followed  by  any  depression  of  spirits,  like  rho-e  occasioned  by 
fi'Tiiu'iitoil  liquors.  All  li.'ij^li  :i'i  rK'L'i'luiir  ban  vi  happened  lo 
any  one  wbilt  iriimiiii-j;  iiughiiiK-Kti-',  b  is  perhaps  better  to 
leave  such  experiments  lo  he  j-.i'rfi>nii("l  by  <^p'.rienced  per- 
sons only.  HHrto  oxide  gai  nearly  caused  the  death  of  811 
H.  Davy,  who  tried  to  inhale  it:  the  orange-red  fumes  of 
nitrous  acids  formed  when  it  comes  in  contact  with  the  air 
almost  suffocated  him. 


) 


Fill  the  bowl  of  a  large  tobacco-pipe  witt  pulverized  coal, 
and  stop  it  close  with  a  mixture  of  pipe-clay  and  sand  ;  then 
put  it  into  a  clear  fire,  and  in  a  few  minutes  carburelted  hydro- 
gen gas  will  issue  from  the  end  of  the  pipe,  which  ma;  ba 
ignited,  and  will  burn  like  a  taper,  affording  an  example  of  the 
production  of  gaslight. 


Put  three  or  four  grains  of  iodine  into  a  small  test-tube,  and 
teal  the  other  end  of  it  hermetically.  If  the  tube  be  gently 
wanned,  hy  holding  it  over  a  candle,  the  iodine  will  become 
converted  into  a  beautiful  violet-colored  gas  or  vapor,  which, 
when  the  tube  is  suffered  lo  cool,  condenses  again  into  minute 
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brilliant  metallic  crystals  of  a#bluish  color.  This  experiment 
may  be  repeated  with  the  same  tube  and  iodine  for  any  number 
of  times. 

CHLORINE. 

The  other  simple  gas  called  a  supporter  of  combustion  is 
named  chlorine,  from  a  Greek  word  signifying  yellowish  green. 

This  gas  was  formerly 
called  "  oxy  muriatic  acid," 
being  supposed  to  be  a 
compound  of  oxygen  and 
muriatic  acid  gases,  until 
Sir  H.  Davy,  in  a  series  of 
masterly  experiments  car- 
ried on  during  the  years 
1808-11,  proved  that  it  con- 
tained no  oxygen  or  mu- 
riatic acid,  and  that  it  was 
in  fact  a  simple  or  unde- 
eompounded  substance,  and 
changed  its  name  to  chlo-  Fig.  30. 

rine,  which  name  was,  after 

some  discussion,  accepted  by  the  scientific  world,  and  is  still 
in  use. 

This  gas  may  be  obtained  for  experiment  by  gently  heating 
in  a  retort  a  mixture  of  muriatic  or  hydrochloric  acid,  as  it  is 
now  called,  with  some  black  oxide  of  manganese:  the  muriatic 
acid,  a  compound  of  chlorine  and  hydrogen,  is  decomposed, 
and  so  is  the  oxide  of  manganese,  giving  out  some  of  its  oxy- 
gen, which  takes  the  hydrogen  from  the  muriatic  acid  to  form 
water,  while  the  chlorine  gas,  with  which  the  hydrogen  had 
been  united,  is  set  at  liberty,  and  may  be  collected  in  jars  over 
water. 

Chlorine  gas  is  transparent,  of  a  greenish-yellow  color,  has 
a  peculiar  disagreeable  taste  and  smell,  and,  if  breathed  even 
in  small  quantities,  occasions  a  sensation  of  suffocation,  of 
tightness  in  the  chest,  and  violent  coughing,  attended  with 
great  prostration.  I  have  been  compelled  to  retire  to  bed  from 
having  upset  a  bottle  containing  some  of  this  gas.  It  destroys 
most  vegetable  colors  when  moist,  and  is  in  fact  the  agent  now 
universally  employed  for  bleach  ing-pur  poses. 

It  has  also  the  power  of  combining  with  and  destroying  al? 
noxious  smells,  and  is  invaluable  as  a  purifier  of  foul  rooms 
and  a  destroyer  of  infection.  For  these  latter  purposes  it  is 
used  in  combination  with  lime,  either  in  substance  or  solution, 
under  the  name  of  "  Chloride  of  Lime." 
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ft*  V,  Burnett  has  lately  discovered  that  the  chloride  c 

be  same  purposes  as  Ih'o  ebluride  of  lime,  and  hssth* 
i  of  being  it siil f  destitute  of  smell,  and  his  fluid  is 
■  ititnted  for  the  other. 

is  a  powerful  supporter  of  combustion,  many 
«f  lb*  ■«»!*  inking  five  spontaneously  when  introduced  ii 
*  of  division  into  the  gas. 


I,  Into  *  jar  of  chlorine  gas  introduce  "a  few  sheets  r.f  copper- 
V*f,  fold  auder  the  name  of  Dutch  foil,  when  it 

*  dull  rod  light. 
t    If  mimo  metallic  anlitnonv  in 

iu.'  a  j»r  of  thts  gas,  it  will  take  S 

•  lirijtkt  white  light. 
B,    A  ximill  piece  of  the  metal  potassium  ma;  be  introduced, 

wl  will  »l»o  take  (ire. 

i.  A  pieae  of  phosphorus  will  also  generally  take  fire  apon- 
i*neou»ly  when  introduced  into  this  gas.      In   all  these  ca 
direct  oompounds  of  the  substances  with  chlorine  are  produt 
,>»llt»l  chloride*. 

0.  If  a  ligliii'd  t-ijier  h-  j.lmi tn'd  i|'iickty  into  the  gas,  it  l 
.-.ii!  ni'i"  [  i  hiii-ii  will]  a  iliill  li/l.i.  uiiinir  "II  :i  very  large  qiinii- 
liiv  ..r-nioke,  being  in  fact  the  carbon  of  the  wax  taper,  with 
wlilcli  I  ho  chlorine  docs  not  unite;  while  the  other  constituent 
of  the  taper,  the  hydrogen,  forms  inuriiiUc  acid  by  union  with 
(be  ohlorine. 

0.  This  substance  has  the  property  of  destroying  most  vege- 
table colors,  and  is  used  in  large  quantities  for  bleaching 
calico,  linen,  and  the  rags  of  which  paper  is  made.  It  is  a 
carious  fact  that   it  shows  this  property  only  when  water  it 

5 resent,  for  if  n  piece  of  colored  cloth  is  introduced  dry  into  a 
<r  of  the  gas,  also  dry,  no  effect  will  be  produced;  wet  the 
etulh,  and  re-introduce  it,  and  in  a  very  short  time  its  color 
will  be  discharged. 

T.  Introduce  a  quantity  of  the  infusion  of  the  common  red 
oubbage,  which  is  of  a  beautiful  blue  color,  into  a  jar  of  thii 
jas,  and  it  will  instantly  become  nearly  as  pale  as  water,  re- 
taining a  slight  tinge  of  yellow. 

EXPERIMENTS  WITII  CARBON  AND  OXYGEN. 

Carbon  forms  two  gaseous  compounds  with  oxygen;  the 
ttst,  called  carbonic  oxide,  is  not  difficult  to  procure,  but  pos- 
M'sen  □□  interesting  properties.     It  is  inflammable. 
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The  other  compound,  carbonic  acid,  is  transparent,  color- 
less, much  heavier  than  atmospheric  air,  ha*  id  agreeable 
taste.,  has  the  power  of  irritating  the  muoous  membrane  of  the 
nose,  (as  an;  one  can  tell  who  baa  drunk  aoda- water, )  without 
possessing  any  particular  odor,  is  absorbed  by  water,  does  not 
support  respiration,  and  extinguishes  burning  bodies. 

Carbonic  acid  gas  may  be  obtsftswd  with  the  greatest  facility 
by  pouring  some  sutphurie  asi4,  diluted  with  about  six  parts 
of  water,  upon  some  pieees  of  marble  or  limestone  in  a  bottle 
with  a  tube  attached,  when  the  gu  worses  over  in  torrents.  It 
may  be  collected  over  water,  or  allowed  to  fall  into  a  bottle. 


1.  To  show  the  great  comparative  weight  of  this  gas,  place  a 
lighted  taper  at  the  bottom  of  a  tall  glass  jar,  then  take  a  Jar 
full  of  carbonic  acid  gas,  and  pour  it  as  you  wosld  pour  water 
into  the  jar  containing  the  lighted  taper ;  you  wiS  soon  find  the 
taper  will  be  extinguished  as  effectually  as  if  yon  had  poured 
water  on  it,  and  the  smoke  of  the  taper  will  float  on  the  surface 
of  the  gas  in  very  beautiful  wary  forms. 

2.  Heat  a  piece  of  the  metal  potassium  in  a 
metal  spoon,  (platinum  is  beat,)  and,  if  introduced 
In  a  state  of  ignition  into  the  gas,  it  will  continue 
burning  brilliantly,  producing  a  quantity  of  dense 
smoke,  which  is  the  carbon  from  the  carbonic  acid, 
the  potassium  having  seized  the  oxygen  and  being 
converted  by  it  into  potash. 

8.  If  a  mouse,  bin],  or  other  small  animal  be 
placed  in  a  jar  of  this  gas,  it  becomes  insensible 
almost  immediately,  but  if  speedily  removed  it 
Will  occasionally  recover.  "  rig.      31— 

■  4.  Shake  up  some  water  with  some  of  this  gas  f.1"™0™''  J** 
In  a  bottle;  the  greater  part  of  the  gas  will  be  ™™,»uWl»l 
absorbed  by  the  water,  which  acquires  a  spark- 
ling appearance  and  a  pleasant  sharp  taste;  with  the  addition 
of  a  little  soda,  this  becomes  the  well-known  beverage  called 
soda-water,  so  famous  for  removing  the  morning  hesdochea 
caused  by  "  that  mtmon"  having  disagreed  at  yesterday's  dinner. 


It  is  the  presence  of  this  gas  which  renders  it  so  dangerous 
to  descend  into  deep  wells,  for  by  its  great  weight  it  collects  at 
the  bottom,  and  instantly  suffocates  any  unfortunate  person 
who  incautiously  subjects  himself  to  it.  Hence,  it  is  prudent 
always  to  let  down  a  lighted  candle  before  any  one  deaoands 
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Into  a  well  or  other  deep  excavation,  and  K  ih<i  on  die  Is  «• 
tiuguished,  it  is  necessary  to  throw  down  several  pails  <  f  waier, 
lune-water  if  possible,  and  again  to  try  the  candle,  which  must 
burn  freely  beloie  it  is  saie  lor  any  one  to  descend. 

It  is  this  same  gas,  under  the  name  of  "cht>ke  damp,"  which 
proves  so  dangerous  to  miners,  particularly  alter  an  explosion 
of  "  fire-damp ;"  lor  it  is  the  principal  pi  ouuct  of  the  explosion, 
and  by  its  weight  settles  at  the  bottom  of  the  mine,  whence  it 
is  by  no  it  eans  an  easy  matter  to  dislodge  it. 

Carbonic  acid  gas  has  been  condensed  into  the  fluid  form  by 
causi  g  it  to  be  disengiged  under  great  pressure;  the  fluid  acid 
has  the  appearance  of  water.  "When  the  pressure  is  removed, 
as  by  allowing  some  of  the  fluid  acid  to  escape  from  the  vesi-el 
in  which  it  has  been  condensed,  it  instantly  retit-sumes  the  gas- 
eous  form,  and  in  so  doing  absoibs  so  much  latent  caloric  that 
a  portion  of  the  acid  is  actually  solidified,  and  appears  in  the 
shape  of  snow,  which  may  be  collected  and  pieservcd  for  a  short 
time.  After  a  lecture  by  Mr.  Addams  before  the  Ashmolean 
Society  of  Oxford,  a  kind  of  snow-ball  of  carbonic  acid  was  car- 
ried for  a  distance  of  5  )0  or  6  0  yards,  and  placed  in  a  saucer 
in  a  room.  It  evaporated  very  rapidly,  and  left,  no  residue, 
not  even  a  mark  where  it  had  lain.  It  was  too  cold  xo  be 
touched  by  the  naked  hand  without  pain. 

Carbonic  acid  and  lime  are  mutually  tests  for  each  ofher. 
If  ajar  containing  a  little  lime-water  be  put  into  a  jar  of  this 
gas,  it  f-peedily  becomes  turbid,  the  gas  uniting  with  the  lime, 
and  producing  chalk,  (the  carbonate  of  lime,)  which  is  insoluble 
in  water. 

This  gas  is  produced  in  large  quantities  by  the  respiration 
of  animals,  as  may  be  proved  by  respiring  through  t»  tube 
immersed  in  lime-water,  when  the  wter  will  be  instantly  ren- 
dered turbid  from  the  formation  of  chalk. 

CARBON  AND  HYDROGEN. 

To  the  combination  of  those  elements  in  various  proportions, 
and  with  the  occasional  addition  of  other  substances,  we  are 
indebted  for  all,  or  nearly  all,  our  means  of  obtaining  light  and 
heat.  Coal,  wood,  spirit,  oil,  and  all  the  v  rieties  of  fats,  are 
c  mposed  principally  of  carbon  and  hydrogen,  and  may  easily 
b}  converted  into  the  eras  with  which  onr  houses  and  streets  are 
lighted,  which  is  nearly  pure  carburetted  hydrogen. 

There  ar"  but  two  defin:te  jrasomis  comnounds  of  these  two 
elements,  the  carhurctted  hydrnsren,  and  bicarburetted  or  de- 
fiant gas.  The  first  is  easily  procured  by  stirring  the  bottom 
of  stagnant  water  in  a  hot  summer's  day,  and  collecting  th« 
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ft  bottle  filled  with  witter  and  inverted  over  the  place 
-where  [he  bubbles  rise.  This  gaa  hums  with  ft  yellowish  11. .me, 
and  when  mixed  with  a  certain  proportion  of  air,  or  oxygen 

Su,  explodes  with  great  violence  od  the  application  of  a  flame. 
;  is  the  much -dreaded  tire  damp  generated  bo  profusely  in 
some  ooal-minea,  and  causing  such  fearful  deBtruclion  10  life 
mad  property  when  accidentally  inflamed.  It  is  this  gas  hIbo, 
in  ft  slate  of  low  combustion,  which  produces  the  lambent 
flame  frequently  seen  in  the  evenings  hovering  over  marshes, 
and  ealled  the  "  Will-o'-the-wisp."  This  appe.irance  is  still 
regarded  with  superstitious  horror  by  the  uneducated  country- 

The  other  eorBpounl,  the  bicarburetted  hydrogen,  forms  by 
far  the  principal  part  of  the  gas  used  for  illumination ;  and, 
in  fact,  whatever  substance  is  employed  for  artificial  light, 
whether  oil,  tallow,  wax.  &c.  &c.  it  is  converted  into  this 
gas  by  heat,  and  then  furnishes  the  light  by  its  own  com- 
bustion. 

This  gas  has  some  very  curious  properties,  and  may  be 
obtained  nearly  pure  by  mixing  in  a  retort,  very  carefully,  one 
part  of  spirits  or  wine  and  four  or  sulphuric  acid.  The  heat 
produced  by  the  mixture  being  insufficient  to  decompose  the 
spirit,  a  lamp  must  be  placed  under  the  retort,  when  the  gas 
will  speedily  be  disengaged,  and  will  come  over  in  great  abun- 
dance:  it  may  be  collected  over  water. 

This  gas  is  transparent,  colorless,  will  not  support  combus- 
tion, but  is  its --If  inflammable,  burning  with  a  brilliant  white 
light,  and  being  converted  into  carbunic  acid  and  water.  If 
mixed  with  three  or  four  times  its  bulk  of  oxygen,  or  with 
common  atmospheric  air  in  much  larger  proportions,  it  explodes 
with  great  violence. 

This  g <s  is  sometimes  called  "olefianl  gas," 
from  the  properly  it  possesses  of  forming  an 
oily  substance  when  mixed  with  chlorine. 


Into  a  jar  standing  over  water  half-full  of 
this  gas.  pass  an  equal  quantity  of  chlorine 
jm.  The  gases  will  speedily  unite  and  form 
an  oily  looking  liquid,  which  may  be  collected 
from  the  sides  of  the  jar  as  it  trickles  down. 
By  continually  supplying  (he  jar  with  the  two 
gtses  as  they  combine,  a  considerable  quantity 
of  'Ml  substance  may  be  collected.  Cire  should 
be   %ken  that  theolefiant  gagisratherin  excess. 


s  insoluble  in  water,  with  which  it 
by  shaking  Ibem  together  in  a  tube,  and  has 
isli   taste  anil  aromatic   stncll,  somewhat  re- 
sembling ether. 


hydrogen,  with  minute  portions  of  other  gases  scarcely  worth 
menliuniug.  It  19  procured  by  submitting  coals  to  a  red  heat 
in  iron  retorts,  having  a  lube  passing  from  one  end,  along 
which  passes  all  the  fluid  and  JMtltnttl  mutter  paptAtM  from 
the  coal, — namely,  gas  tar,  Mwomtmd  Uqaor,  und  various 
gasea.  carburetted  hydrogen,  carbonic  acid,  sulphuretted  hydro- 
gen, sulphurous  acid,  &c.  &C-  The  tar  and  ammuniaeal  liquor 
remain  in  the  vessel  in  which  the  tubes  from  the  retorts  ter- 
minate, and  the  gaseous  productions  are  conveyed  through 
water  and  lime  to  separate  the  iui  purities  ;   the   1  en  "lining  gas, 

now  fit  for  use,  passes  iuii>  Luge  it ves-els,  called  gasometers, 

inverted  over  water,  (like  the  jars  in  a  pneumalie  trough,} 
whence  it  is  sent  through  pipes  ami  distributed  where  required. 
What  remains  in  the  retorts  is  called  coke.  It  consists  princi- 
pally of  charcoal,  mixed  with  the  earthy  and  metallic  particles 
contained  in  the  coal. 


If  you  possess  an  iron  bottle,  fill  it  with  powdered  coal,  and 
attach  a  flexible  tube  to  it,  and  put  it  in  the  fire :  as  soon  as  it 
becomes  red  hot,  large  quantities  of  smoke  will  escape  from  th« 
end  of  the  tube,  being  the  gas  mixed  with  all  its  impurities. 
By  passing  it  through  water  (if  mixed  with  lime  it  will  be 
better)  the  gas  may  be  collected  in  jars  standing  over  water, 
and  submitted  to  experiment.  If  you  do  not  possess  a  bottle, 
take  a  tobacco-pipe  with  a  large  bowl ;  fill  the  bowl  with  small 
coal,  cover  it  with  clay  or  putty,  and  when  dry  put  it  into  lbs 
fire,  and  the  gas  will  soon  appear  at  the  other  end  of  the  pipe, 
when  it  may  be  lighted,  or  the  gas  may  be  collected  over  water, 
as  in  the  former  experiment. 

This  gas  is  given  off  spontaneously  in  some  coal-mines,  and, 
u  it  forms  explosive  mixtures  with  atmospheric  air,  the  mines 
where  it  abounds  could  not  be  worked,  except  at  tbe  greatest 
Wt  unlil  about    the   beginning  of  the   present  century,  when 

iH.  Davy,  while  prosecuting  some  researches  on  the  nature 
ili'.tne.   found  that  flame  would  not  pass  through  metallic 

Mb;  and  he  gradually  reduced  the  length  of  the  tubes,  until 

Found  that  line  iron-wire  gauie  formed  an  effectual  barrier 
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against  the  passage  of  flame.  He  then  thought  that  if  the 
light  in  a  lantern  were  surrounded  with  this  gauze  it  might 
safely  be  used  in  an  inflammable  atmosphere  where  a  naked 
light  would  instantly  cause  an  explosion.  Upon  submitting 
the  lamp  to  experiment,  he  found  that  by  passing  coal  gas  by 
degrees  into  a  vessel  in  which  one  of  his  lamps  was  suspended, 
the  flame  first  became  much  larger,  and  then  was  extinguished, 
the  cylinder  of  gauze  being  filled  with  a  pale  flame,  and  though 
the  gauze  sometimes  became  red-hot  it  did  not  ignite  the  gat 
tutside.  As  the  supply  of  coal  gas  was  diminished,  the  wick 
of  the  lamp  was  rekindled,  and  all  went  on  as  at  first.  A  coil 
of  platinum  wire  was  afterward  suspended  in  the  lamps, 
which  becomes  intensely  heated  by  the  burning  gas,  and  gives 
out  sufficient  light  to  enable  the  miner  to  see  to  work.  As 
long  as  the  gauze  is  perfect,  it  is  impossible  for  the  external 
air  to  be  kindled  by  the  wick  of  the  lamp ;  but  the  miners  are 
so  careless  that  they  will  often  remove  the  gauze  to  get  a 
better  light,  to  look  for  a  tool,  or  some  cause  equally  trivial,  and 
many  lives  have  been  lost  in  consequence  of  such  carelessness. 

The  effect  of  fine  wire  gauze  in  preventing  the  passage  of 
flame  may  be  shown  by  bringing  a  piece  of  the  gauze  gradually 
over  the  flame  of  a  spirit-lamp  until  it  nearly  touches  the 
wick,  when  the  flame  will  be  nearly  extinguished,  but  the  vapor 
of  the  spirit  passes  through,  and  may  be  lighted  on  the  upper 
side  of  the  gauze,  which  will  thus  have  a  flame  on  either  side, 
though  totally  unconnected  with  each  other.  The  flame  from  a 
gas-burner  will  answer  as  well  as  the  spirit-lamp. 

Nearly  all  the  fluids,  and  solids  also,  used  for  procuring 
artificial  light,  such  as  naphtha,  various  oils,  tallow,  wax, 
spermaceti,  spirits  of  wine,  ether,  &c.  &c,  are  compounds  of 
carbon  and  hydrogen  in  different  proportions,  with  the  occa- 
sional addition  of  some  other  elements,  especially  oxygen  and 
hydrogen,  in  the  proportions  to  form  water :  as  a  general  rule, 
those  bodies  containing  the  greatest  proportion  of  carbon  give 
the  most  light,  though  -not  necessarily  the  most  heat. 


MISCELLANEOUS  EXPERIMENTS. 

HEAT. 

1.  Put  some  water  into  a  glass  or  cup,  and  pour  upon  it 
about  half  the  quantity  of  sulphuric  acid ;  upon  stirring  them 
together,  the  temperature  will  rise  to  many  degrees  above 
boiling  water.  In  mixing  the  acid  with  the  water,  the  greatest 
care  should  be  taken  not  to  do  it  too  suddenly,  as  the  vessel 
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may  break  from  the  sudden  heat,  and  ilie  acid  be  spilt  on  tin 
hands,  clothes,  &o.  Tiio  greatest  caution  is  also  necessary  in 
using  it,  as  it  will  attack  nearly  every  organic  tiling  it  is 
dropped  on. — If  a  piece  of  iron  is  hammered  smartly  on  an 
anvil,  ils  latent  heat  will  be  evolved  in  a  short,  time  to  such  si 
degree  that  the  iron  will  become  almost  red  hot. — Pouralillls 
clear  water  into  a  small  glass  tumbler,  and  put  one  or  two 
pieces  of  phosphuret  of  lime  into  it.  Id  a  short  time,  flashes 
of  fire  will  dart  from  the  surface  of  the  water,  and  terminate 
in  ringlets  of  smoke,  ascending  in  regular  succession. 

2.  Thinly  spread  anmu  dry  nitrate  of  copper  on  a  piece  of 
tin-foil,  three  or  four  inches  square,  and  wrap  it  up :  tlierewill 
not  be  any  effect  produced.  Unfold  (he  tin-foil,  and  sprinkle 
a  very  small  quantity  of  water  on  the  nitrate  of  copper,  wrap 
it  up  again  as  quickly  n«  [to~>il,h>,  and  press  down  the  edged 
Closely.  Con-iderable  heat,  attended  with  fumes,  will  now  lis 
evolved;  and,  if  the  experiment  bo  dexterously  managed,  it 
will  ignite.  This  shows  that  nilrate  of  copper  has  not  any 
effect,  on  tin  tilt  in  a  stale  of  solution.— Fill  a  saucer  with 
water,  and  drop  a  small  pi.  0*  of  potUtaUm  into  i' ;  the  instant 
it  touchen  the  wnter  it  will  burst,  with  a  slight  explosion,  into 
a  brilliant,  violct-eolor^l  tUrne.  It  will  continue  burning  for 
a  short  time  on  the  surface  of  the  water,  darting  from  one  side 
of  the  vessel  to  the  other  with  great  violence,  like  a  beautiful 
fire-ball.  If  tie  potassium  la  thrown  upon  ice,  it  will  likewis* 
instantly  take  Bte,— Pulverize  separately  one  ounce  of  crystal- 
lized muriate  of  ammonia,  an  equal  quantity  of  nitrate  of  pottun, 
and  two  ounces  of  sulphate  of  soda;  mix  tliem  together  in  a 
goblet  with  four  ounces  of  cold  water,  and  immediately  im- 
merse in  the  mixture  a  thin  glass  tube  containing  cold  water; 
in  a  short  time  it  will  freeze,  even  in  a  warm  room,  or  in  the 

3.  Take  a  very  thin  glass  bulb,  half  filled  with  water,  and 
continue  to  drop  other  so  slowly  upon  it  that  it  may  evaporate, 
and  not  fall  from  the  surface  of  the  glass;  the  water  inside 
will  quickly  be  frozen,  and  this  effect  will  take  place  sooner  if 
the  bulb  is  held  in  a  current  of  air. 

4.  Water  expands  by  cold  as  well  as  by  heat,  and  to  prove 
this  it  is  only  necessary  to  eipose  a  phial  filled  with  water, 
closely  corked,  in  a  fr-sty  night ;  when  the  water  is  frozen,  the 
glass  will  burst. — Put  into  a  wineglass  a  few  teaspoonfuls  of 
a  concentrated  solution  of  silicate  of  potash,  and  add  to  it 
gradually,  drop  by  drop,  sulphuric  acid.  If  these  two  liquids 
be  stiired  together  with  a  glass  rod,  they  will  become  converted 
iu'^  an  opaque,  white,  and  almost  solid  mass. 

Pour  a  small  quantity  of  water  in  some  muriate  of  lime, 
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Just  sufficient  to  saturate,  not  liquefy  it ;  then  let  some  con- 
centrated sulphuric  acid  fall  gradually  upon  this  solution,  and 
a  solid  compound,  called  sulphate  of  lime,  will  be  produced. 

prince  rupert's  drops.  * 

Glass  is  an  extremely  bad  conductor  of  heat,  and 
the  reason  why  tumblers  and  other  vessels  made  of 
glass  crack  when  hot  water  is  suddenly  poured  into 
them  is,  that  the  interior  of  the  glass  expands  before 
the  ht  at  c.in  penetrate  through  the  particles  on  the  Fi„  33^ 
outside,  which  are  consequently  then  riven  asunder. 
Small  glass  toys  called  Prince  Rupert's  drops,  which  may  be 
obtained  at  a  glass  blower's,  show  very  clearly  the  effect  of 
heat  on  bad  conductors.  They  are  made  by  dropping  a  small 
quantity  of  glass,  while  almost  in  a  liquid  state,  into  water,  by 
which  means  a  globule  with  a  spiral  tail  is  instantly  formed; 
the  outside  of  the  globule  cools  and  solidifies  the  instant  it 
comes  into  contact  with  the  water,  before  the  inner  part 
changes,  and  this,  as  it  gradually  hardens,  would  contract, 
were  it  not  retained  and  kept  in  its  form  by  its  adherence  to 
the  outer  crust.  If  the  tail  is  broken  off,  or  any  other  injury 
done  to  the  globule,  it  will  burst  with  a  slight  noise  and  fall  to 
pieces.  In  order  that  glass-ware  may  be  durable,  it  is  an- 
nealed ;  that  is  to  say,  it  is  put  into  an  oven  the  temperature 
of  which  is  allowed  to  decrease  gradually. 

ATTRACTION   AND   DECOMPOSITION. 

1.  Add  a  little  water  impregnated  with  carbonio  acid  to  a 
wineglass  of  clear  lime-water:  these  two  liquids  will  combine 
and  form  a  white  substance,  which  is  called  carbonate  of  lime. 
— Throw  a  piece  of  copper  into  a  wineglass,  and  pour  upon  it 
some  nitric  acid ;  these  two  substances  will  combine,  and  a 
solution  of  clear  blue  color  will  be  produced.  If  you  plunge 
it  into  a  piece  of  iron,  (the  blade  of  a  knife  will  answer,)  the 
acid  will  combine  with  this  new  body,  and  the  copper  will  be 
precipitated  on  the  blade  of  the  knife  in  its  original  state. 
Should  the  solution  be  allowed  to  remain  undisturbed  for  some 
days,  it  will  crystallize,  and  salts  of  copper  will  be  produced. 

2.  Pour  a  little  of  the  infusion  of  litmus,  or  of  red  cabbage, 
into  a  wineglass,  and  add  to  it  a  single  drop  of  nitric  or  sul- 
phuric acid,  and  it  will  be  instantly  changed  into  a  beautiful 
red  color. 

3.  Take  a  little  of  the  liquid  mentioned  in  the  above  experi- 
ment, either  before  or  after  it  has  been  converted  to  red,  add 
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n  or  potash,  or  soda,  and,  upon 


i  color  will  be  produced. 
i  a  drop  or  nitrate  of  copper  fall  into  a  glass,  and  then 
_.  with  water:  ii  will  be  perfectly  colorless;  but  upon 
;  ■  drop'of  liquid  ammonia,  •Moll  is  also  without  color, 
t  glass,  (lie  liquid  will  c-hange  into  n  beautiful  deep  blue. 

5.  Take  some  of  t lie  blue  liquid  left  by  the  former  eiperi- 
■til,  and  let  a  drop  or  two  of  nitric  acid  fall  into  it,  and  it 
will  become  clear  as  crystal. 

6.  A  drop  of  nitrate  of  copper  poured  into  a  glass  of  water 
will  Dot  produce  any  change  in  the  color  of  the  fluid;  but  if  a 
■mail  crystal  Or  a  drop  of  the  solution  of  prussiate  of  potash 
be  added,  the  water  will  become  a  dark  brawn. 

7.  Mix  MM*  p«rt«wd  uiuiiganese  with  a  Utile  nitre,  and 
throw  the  milium  iuto  a  red- Lot  crucible,  and  a  compound  will 
be  obtained  possessed  of  the  singular  property  of  changing 
to  different  cobra  according  to  the  quantity  of  water  that  is 
added  to  it.  A  small  quantity  gives  a  green  solution,  whilst  i 
greater  quantity  changes  it  to  a  benutiful  rich  purple.  The 
last  experiment  may  be  varied  by  putting  equal  quantities  of 
this  substance  into  separate  glasses,  and  pouring  Lot  water  in 
the  one  and  n  portion  of  cold  witter  in  the  oilier.  The  hot 
solution  will  assume  a  beautiful  green  color,  and  the  cold  one 
a  deep  purple. 

■-.    !'..'■-  [ ■;"(.'    :--  Ji'-ivnii't'   til    '"    '■"in'-  juk'e   of   l.rot-r.-'Ot,  i 

colorless  liquid  is  obtained  ;  hut  if  a  while  cloth  be  dipped  in 
■he  liquid  and  dried,  in  a  fen  hours  it  will  become  quite  red, 
by  tbe  mere  contact  of  the  air. 

9.  Spirits  of  hartshorn  dropped  into  a  solution  of  copper  so 
weak  as  to  be  almost  colorless  will  produce  an  intense  bine, 
which  disappears  by  adding  an  acid. 

10.  To  mate  Soap. — Pour  a  little  water  into  a  phial  contain- 
ing about  an  ounce  of  olive  oil;  shake  tbe  phial,  and  if  the 
tontents  are  examined  it  will  be  found  that  no  union  has  taken 
place;  but  IT  some  solution  of  caustic  potash  is  added,  and  tbe 
phial  then  shaken,  an  intimate  combination  of  the  material* 
lutiurn.  and  soap  is  produced. 

"".   Pour   a   little   ni tin- muriatic  acid  upon  a  small  piece  of 
,  or  gold-leaf,  and  in  a  short  time  it  will  be  completely  difl- 
d,  and  the  solution  will  assume  a  beautiful  yellow  color. 
Pour  a  small  quantify    •f  nitric-  acid  upon  a  little  bit  of 
>, silver,  or  silver-leaf,  and  it  will  dissolve  in  a  few  minute*. 
"our  a  little  sulphuric  acid,  diluted  witb    about   fou» 
!  bulk  of  water,  upon  j,  few  iron-filings;   a  strong  offer- 
ee, caused   by  the   escape  of  hydrogen   gas,  will  take 
'ie  llings  will  disappear. 
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14.  Pour  nome  diluted  nitric  acid  on  a  piece  of  cupper,  and 
In  a  little  while  the  copper  will  be  dissolved,  and  the  solution 
will  become  of  a  beautiful  blue  tint. 

15.  Into  a  solution  of  nitrate  of  silver  immerse  a  small  bar 
of  polished  copper :  on  withdrawing  the  bar,  it  will  be  found 
to  be  covered  with  a  fine  coating  of  metallic  silver. 

16.  A  small  bar  of  polished  iron  immersed  in  like  manner  in 
i  solution  of  nitrate  of  copper  will  receive  a  coating  of  metallic 
copper. 

17.  A  piece  of  silver  immersed  in  the  above  solution  will 
remain  unchanged  ;  but  if  immersed  in  contact  with  a  piece  of 
iron,  both,  when  withdrawn,  will  be  found  to  be  covered  with  a 
coating  of  metallic  copper. 

18.  Pour  half  an  ounce  of  diluted  nitro-muriate  of  gold  into 
an  ale-glass,  and  put  in  it  a  piece  of  very  smooth  charcoal. 
Expose  the  glass  to  the  rays  of  the  sun,  in  a  warm  place ;  and 
in  a  short  time  the  charcoal  will  be  covered  over  with  a  beau- 
tiful golden  coat.  Take  it  out  with  a  pair  of  pincers,  and 
enclose  it  in  a  glass  for  show. 

TO  MELT   A   COIN   IN   A   NUT-SHELL. 

Mix  three  parts  of  dried  nitre,  one  of  sulphur,  and  one  of 
fine  dry  sawdust,  and  pound  them  well  in  a  mortar.  Press  a 
portion  of  this  powder  into  a  walnut-shell,  and  also  enclose 
within  the  shell  a  thin  piece  of  silver  or  copper  rolled  up ;  then 
fill  the  shell  with  some  more  powder,  press  it  down  closely,  and 
set  fire  to  it ;  the  piece  of  metal  will  soon  be  melted,  whilst  the 
nut-shell  is  merely  blackened. 

TO   BENDER   THE    SURFACE   OF  WATER  PHOSPHORESCENT. 

Wet  a  lump  of  fine  loaf  sugar  with  phosphorized  ether,  and 
throw  it  into  a  basin  of  water ;  the  surface  of  the  water  will 
become  luminous,  and  show  beautifully  in  the  dark ;  by  gently 
blowing  upon  it,  phosphorescent  undulations  will  be  formed, 
which  will  illumine  the  air  above  the  fluid  for  a  considerable 
space.  In  winter  the  water  must  be  rendered  blood-warm.  If 
the  phosphorized  ether  be  applied  to  the  hands,  (which  may  be 
done  with  safety,)  it  renders  them  luminous  in  the  dark. 

LUMINOUS   WRITING   IN   THE   DARK. 

Put  a  ^mall  piece  of  solid  phosphorus  into  a  quill,  and  write 
with  it  upon  paper ;  if  carried  into  a  dark  room,  the  writing 
will  appear  luminous,  and  have  a  beautiful  effect.  Should  the 
phosphorus  take  fire  by  the  friction,  it  must  be  pluuged  im- 
mediately under  the  surface  of  water  and  extinguished.    If  any 
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,rn  are  greatly  iiiJtijr;Mi:<t  by  plunging  tlieni 
e  of  wnier  10  which  a  very  little  solution  of 
u  addid. 


few  pieces  of  camphor; 
traversing  every  part  of 
nstnotly  be  slopped  by 
quantity  of  an  oily  aub- 


Put  into  a  retort  a  n,uanl  Ely  pf  pounded  finor  spar  and  sand, 
and  pour  upon  it  some  sulphuric  ucid  ;  fluosilicio  acid  gns  will 
lie  (lisi^iRii^til.  Imliiiiig  (ilex  in  KiiHiiiim.  The  subjects  Mint 
you  wish  to  resemble  petrii'aciifiiia  must  neir.  he  moistened 
with  wuter,  rind  [>liueil  in  a.  vessel  eunuecled  with  the  neck  of 
the  retort.  The  iluosilicio  acid  gas  will  he  absorbed  by  llio 
moisture  adhering  to  the  substances,  and  (be  silex  will  he  pre- 
cipitated upon  them  like  a  sort  of  h'.uir  frost,  which  will  have  a 
biuiutii'til  appearance,  and  U-  tolerably  durable. 


I 


Put  half  a  drachm  of  solid  phosphorus  into  a  Florence  oil- 
sk,  holding  the  flask  slantingly,  that  the  phosphorus  may 
not  break  the  glass;  pour  upon  it 
a  gill  and  a  half  of  water,  and 
place  the  whole  over  a  teakettle- 
lamp,  or  any  common  lamp,  filled 
with  spirits  of  wine;  light  the 
wick,  which  should  he  about  half 
an  inch  from  Ibe  Sash,  and  as 
soon  as  the  water  is  boiling  hot, 
streams  of  fire  resembling  sky- 
rockets will  burst  at  intervals  from 
the  water;  Borne  particles  will  also 
adhere  to  the  sides  of  the  glass, 
and  immediately  display  brilliant 
rays,  and  thus  continue  until  the 
water  begins  to  simmer,  when  ■ 
■wanliful  imitation  of  the  aurora  borealis  will  commence,  and 
gradually  ascend  until  it  collects  into  a  pointed  cone  ai  the 
mouth  of  the  Bosk ;  when  it  has  continued  for  half  a  miuule, 
blow  out  the  flame  of  Ibe  lamp,  and  the  apex  of  fire  that  was 
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formed  at  the  mouth  of  the  flask  will  rush  down,  forming  beau- 
tiful illumined  clouds  of  fire  rolling  over  each  other  for  some 
time,  and  when  these  disappear,  a  splendid  hemisphere  of  stars 
will  present  itself.  Alter  waiting  a  minute  or  two,  light  the 
lamp  again,  and  nearly  the  same  phenomena  will  be  displayed 
as  f r  m  the  beginning.  Let  a  repetition  of  lighting  and  blow- 
ing out  the  lamp  be  made  for  three  or  four  times,  so  that  the 
number  of  stars  may  be  increased,  and  after  the  third  or 
fourth  time  of  blowing  out  the  lamp,  the  internal  surface  of  the 
flask  will  be  dry.  Many  of  the  stars  will  shoot  with  great 
splendor  from  sidt  to  side,  whilst  others  will  a)  pear  and  burst 
at  the  mouth  of  the  flask.  Wh;it  liquid  remains  in  the  flask 
will  serve  for  the  same  experiment  three  or  tour  times,  without 
adding  any  more  water.  Care  should  be  taken,  after  the 
operation  is  over,  to  put  the  flask  in  a  secure  place. 

SYMPATHETIC   INKS. 

All  writings  or  drawings  executed  with  sympathetic  inks 
are  illegible  until,  by  the  action  of  heat  or  some  chemical  agents 
upon  a  peculiar  ac  d  or  substance  which  forms  the  basis  of  the 
ink,  a  change  is  effected,  and  a  color  produced  from  that 
which  was  before  colorless. 

1.  Write  with  a  weak  tolution  of  sulphate  of  iron,  and  it  will 
be  invisible ;  when  dry,  wash  it  over  with  a  solution  of  prussiaw 
of  potash,  and  the  writing  will  be  restored,  and  turned  to  a 
beautiful  blue. 

2.  Write  with  some  of  the  above  solution,  and  it  will,  as  be' 
fore  stated,  become  invisible,  but  if  a  brush  which  has  been 
dipped  in  a  decoction  of  oak-bark,  or  tincture  of  galls,  be 
slightly  passed  over  it,  it  will  turn  black. 

3.  Write  with  the  nitro-muriate  of  gold,  and  brush  the  letters 
over  with  muriate  of  tin  in  a  diluted  state.  The  writing,  be- 
fore invisible,  will  then  appear  of  an  exquisitely  beautiful 
purple  color. 

4.  The  most  curious  of  all  kinds  of  sympathetic  ink  is  that 
procured  from  cobalt.  It  is  a  very  singular  phenomenon, 
peculiar  to  this  ink,  that  the  characters  of  figures  tract  d  out 
with  it  may  be  made  to  appear  and  disappear  at  pleasure ;  all 
other  kinds  of  sympathetic  ink  are  at  first  invisible,  until  tome 
fluid  has  been  applied  to  cause  their  reappearance,  but  when 
once  they  are  developed  they  remain  permanent.  To  make 
this  ink,  take  zaffre,  and  dissolve  it  in  nitro  muriatic  acid, 
until  the  acid  extracts  from  it  the  metallic  part,  or  cobalt, 
which  communicates  to  the  zaffre  its  bluecohr;  then  dilute 
the  solution,  which  is  very  acrid,  with  common  water.     If  you 
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write  with  lliia  preparation,  the  characters  will  be  invisible; 
bo(  when  exposed  10  a  moderate  degree  of  Ileal,  they  will  be- 
come green,  and  on  lhe  paper  cooling  again  they  will  vanish. 
However,  if  the  j.i-pei-  is  uVcrhcfLtcJ  Die  writing  will  not  dis- 
appear. 

6.  Write  with  a  dilated  solution  of  niurinte  of  copper,  anil 
the.  writing  ni!l  be  in vi.-it.ilc,  ivticn  dry ;  hut  on  being  held  to 
the  fire  it  will  be  o'  a  yelluwish-green  color. 

COLORED  FIKES. 


Ons  ounce  and  it  half  of  dry  nilrtite  of  sfrontia,  three 
drachms  and  six  grains  of  powdered  sulphur,  one  drachm  and 
twelve  grains  of  chlorate  of  potash,  two  drachms  of  the  sul- 
phuret  of  antimony,  and  one  scruple  of  charcoal,  will  make  n 
most  beautiful  and  intense  red  fire.  Pound  the  chlorate  of 
potaah  and  sulphuret  of  antimony  each  ecpurati-ly  in  a  mortar, 
and  afterward  mil  them  together  on  paper,  then  add  them  to 
the  other  ingredients.  In  mixing  these  ingredients,  it  must 
always  be  remembered  that  chlorate  of  potash  and  sulphur  ex- 
plode when  rubbed  together. 


For  green  fire,  take  twenty-seven  parts  of  nitrate  of  baryta, 
thirteen  of  flowers  of  sulphur,  five  of  nitrate  of  potash,  three 
of  charcoal,  and  two  of  metallic  arsenic.  Let  the  nitrate  of 
baryta  be  well  dried  and  powdered;  pulverize  the  other  ingre- 
dients completely,  mil  them  carefully  together,  and  then  grind 
them  with  a  muller  on  a  stone  slab,  taking  especial  care  to  in- 
corporate them  thoroughly. 


Take  of  nitrate  of  baryta  twenty-seven  parts  by  weight,  of 
sulphur  thirteen,  of  chloride  of  potassium  five,  of  realgar  two, 
and  of  charcoal  three  parts  ;  incorporate  them  completely,  and 
when  inflamed  they  will  emit  that  peculiar  whitish -blue  light 
accompanied  by  much  smoke  which  is  employed  in  fairy-scenes 


I 
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together  sixteen  parts  of  nitre,  four  uf  sulphur,  and  one 
roent ;  place  it  on  a  tile,  and  apply  a  match  :  it  will  bur* 
bluish  flame,  and  diffuse  a  most  intense  light. 
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ORANGE-COLORED   FIRE. 

If  some  muriate  of  magnesia  be  mixed  with  a  little  alcohol, 
and  then  set  on  fire,  a  very  beautiful  orange-colored  flame 
will  be  produced. 

SPUR   FIRE. 

This  fire,  the  most  beautiful  of  any  composition  yet  known, 
is  termed  spur  fire,  from  the  sparks  bearing  a  great  resem- 
blance to  the  rowel  of  a  spur.  It  is  generally  made  of  saltpetre 
two  pounds,  sulphur  one  pound,  and  lampblack  three-quarters 
of  a  pound,  incorporated  thoroughly  together ;  it  should  then 
be  put  into  cases  about  six  inches  in  length,  but  not  driven 
very  hard.  This  composition  is  very  difficult  to  mix.  The 
saltpetre  and  brimstone  must  be  first  sifted  together,  then  put 
into  a  marble  mortar  and  the  lampblack  added  to  them;  in- 
corporate the  ingredients  with  a  wooden  pestle  till  the  mixture 
appears  of  a  dark  gray  color ;  then  drive  some  into  a  case  for 
trial,  and  fire  it  in  a  dark  place;  if  the  sparks,  which  are 
called  stars  or  pinks,  come  out  in  clusters,  and  afterward 
spread  well  without  any  other  sparks,  it  is  a  sign  of  its  being 
good ;  if  any  drossy  sparks  appear,  and  the  stars  are  imperfect, 
the  composition  is  not  mixed  enough ;  and  if  the  pinks  are 
very  small  and  soon  break,  it  is  a  sign  that  you  have  rubbed  it 
too  much.  This  fire  has  a  better  effect  in  a  room  than  in  the 
open  air,  and  may  be  fired  in  a  chamber  without  any  danger ; 
indeed,  it  is  of  so  innocent  a  nature  that,  although  it  seems  an 
improper  phrase,  it  may  truly  be  termed  a  cold  fire,  for,  if  well 
mixed,  the  sparks  will  not  burn  a  handkerchief  when  held  in 
the  midst  of  them  ;  you  may  hold  the  cases  in  your  hand  while 
the  fire  jets  out  with  as  much  safety  as  a  candle  ;  and  if  you 
put  your  hand  within  a  foot  of  the  case,  you  will  feel  the 
sparks  fail  like  drops  of  rain 


CONCLUDING    REMARKS. 

Our  limits  warn  us  to  close  this  highly  interesting  subject, 
and  in  so  doing  we  shall  observe  that  the  experiments  we 
have  selected  to  elucidate  the  principles  of  chemistry  are 
mostly  very  easy  of  attainment,  and  can  be  tried  without  in- 
curring much  expense :  indeed,  the  smallest  quantities  sold  of 
some  of  the  more  expensive  articles  will  be  amply  sufficient 
for  the  purpose  of  displaying  their  effects,  whilst  a  trifling 
quantity — three  or  four  pennyworths,  for  instance — of  the  more 
common  ones  will  do,-  as  the  effects  are  as  beautifully  apparent 
in  small  as  in  large  quantities.     Neither  is  it  necessary  to  pur- 
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base  many  glasses  or  vessels  in  which  to  make  (be  mixtures, 
s  soma  slips  ol'  common  wmdow-glass  will  :ervr  the  purprae, 
'  only  a  few  dr<ij>s  of  the  liquids  ure  miicd  together.  'I his 
conomicnl  plan  Ims  Ijiren  adopted  hy  Dr.  Ke  d,  of  Edinburgh, 
■ilh  the  greatest  suuee-s  ;  iuid  tyros  in  chemistry  would  dowell 
>  bear  in  mind  thai  Sit  Humphry  DtTJ  1  aught  hjniseli  rtith 
i  apparatus  which  cost  bul  n.  law  shillings. 
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It  may  be  said  without,  exaggeration  that  the  chief  facts  in 
the  science  of  chemistry  have  been  discovered  within  the  lost 
eighty-five  years,  and  a  similar  r  m  :rk  may  be  made  with  re- 
spect to  the  beautiful  phenomena  of  light,  viz.:  that  the  great- 
fst  refinements  and  improvement*  in  the  science  of  optics  have 
been  discovered  and  practised  within  about  the  game  period. 
*  495 


1 

OC  OPTICAL    EXPERIMENTS. 

although,  of  course,  much  was  effected  and  reduced  to  system 
at  least  two  liuu'li'iil  yi'iLi'9  npij.  No  oihor  hrutu'li  of  science  h»  J 
given  liirguv  scope  iV.r  (ho  exercise  of  the  highest  older  of  rea- 
soning than  (in;  guvgoi-us  ;m<l  iTiiigniliectil  e  Heels  of  light;  and 
lha  study  of  ils  nature  m  pursued  with  the  greatest  dili- 
gence nnd  success  by  the  pliiiiisuiiiicTa  of  antiquity.  If  the 
earth  was  always  flooded  with  light,  probably  ils  nnture  would 
not  have  excited  so  much  curioaity ;  but  the  terj  fact  of  its 
being  the  precursor  of  man's  daily  toil,  the  first  greeting  nf 
each  day,  would  induce  a  greater  amount  of  thought  to  be 
devoted  to  its  origin  and  existence ;  hence  l'f;hl  was  typified 
in  various  ways  in  heathen  mythology,  and  Eos  or  Aurora 
was  the  name  of  the  goddess  of  the  dawn,  who  at  the  close 
of  every  night  rose  from  her  couch,  and  in  a  chariot  drawn 
by  a  will  horses,  ascended  up  lo  heaven  to  announce  the  com- 
ing light  of  the  sun ;  whilst  Helios  or  Sol,  the  god  of  the  aim, 
was  fancifully  supposed  to  start  in  a  chariot  drawn  by  four 
horses  from  bis  iiingtiitU-L'iii  palace  in  the  east,  to  Speed  to 
his  second  royal  abode  in  the  west,  where  his  horses  fed  upon 
herbs  growing  in  the  Islands  of  the  Blessed.  Such  fanciful 
creations  of  imagination  indicate  that  the  thoughts  of  the 
ancients  were  turned  to  the  consideration  of  invisible,  itnpoo- 
derable  lighl,  and  they  endeavored  to  give  this  "quintessence 
pure"  a  formal  existence.  The  ancient  Greeks  were  acquainted 
with  the  properties  of  the  burning-glass,  whieli  was  sold  an  a 
curiosity  in  tbe  toy-shops,  just  ns  the  kaleidoscopes  and  the 
in.'i^ii'-l;iii1i;!'tn  are  to  lie  obtained  in  (lie  bazaars  at  the  pre- 
sent day.  In  order  to  comprehend  tbe  principles'of  these 
optical  ci  ui  I  viva  noes,  it  is  necessary  to  speak  nf  tbe  nature 
of  light,  beginning  with  the  enumeration  of  tbe  sources  from 
which  it  may  be  derived. 


I 

a 


THE  SOURCES  OF  LIGHT. 

Light  emanates  from,  at  least,  six  different  sources.  The 
first,  the  greatest  and  Ihe  grandest,  is  the  sun,  the  centre  of 
our  planetary  system,  and  the  great  source  of  light  and  heal 
to  the  earth.  Tbe  magnificence  of  this  celestial  light-giving 
agent  can  only  be  appreciated  by  considering  the  gigantic  site 
of  the  sun  as  compared  with  the  earth,  the  former  having  a 
diameter  of  770,800  geographical  miles,  and  being  112  times 
greater  than  that  of  the  earth. 

's  volume  is  1,407,124  times  that  of  tbe  earth,  and 
greater   than   all   the   planets   united.      Sir   John 
Herschel  says,  if  a  globe  representing  (he  sun,  and  two  feet 
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In  diameter,  be  placed  In  the  centre  of  a  well-levelled  field, 
and  a,  circle  described  round  it  having  a  diameter  of  430 
feet,  the  representation  of  the  earth  placed  on  (he  circum- 
ference of  this  circle  would 
not  be  lnrger  then  a  pea, 
whilst  the  circumference 
would  represent  the  orbit 
or  path  of  the  earth.  Arago 
says,  "It  is  no  exaggeration 
to  assert  that  the  electric 
light  is  comparable  to  the 
solar  light;  the  former  is 
not  effaced  in  the  presence 
of  that  of  the  latter."  Ac- 
cording to  the  energy  of  the 
battery  employed,  the  elec- 
tric light  varies  from  the 
fifth  part  to  the  fourth  of 
that  of  the  sun;  and,  sup- 
peeing  it  to  be  equivalent 
to  about  three  or  four  thou- 
sand wax-candles,  the  light  of  the  sun,  at  the  iiirfaet  ef  the 
earth,  wonld  be  equal  to  about  twenty  thousand  candles  on  the 
'     'e  elootrio  light 


of  great  energy.     Comparison   is   always  a  useful   mode   »f 
instruction,  and  therefore  it  may  be  worth  while  to  mention 
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st  least   300,000  times   gi 

consequently    Ibe  firmaniei 

Sw,UUO    full     momis    i 

a,    Mtrln    equal   1 

the  Bun       Light 


i  twi 


ial  n 


rubbed  one  ugnin-t 
oilier :  nnd  hence  the 
dF  (be  flint  and  steel :  hers 
niiiiuii'  partielea  of  iron 
■re  rubbed  off,  the  very 
act  of  friction  being  i 
cient  lo  produce  tbe  I 
which  helps  tlieir  combus- 
Befrre 


(ha 


Qd    it-. 


'  the  aafetj- 


aile  has  occasionally  been  Bo 
carriage  lo  which  it  belonged. 
Friction  is,  therefore,  an  in 
it  be  applied  by  civilized  rae 
mutch,  or  in  the  more  tronbl> 
savage  with  hia  dried  pit 

nost  valuabl. 


of™ 


mines,  steel  mi  Is  were  in 
constant  requisition  in  dan- 
gerous pits,  and  every  conl- 
hower  wns  provided  with 
a  little,  boy,  wboBe  mono- 
tonous duly  consisted  in 
turning  a  little  steel  wheel 
against  a  piece  of  flint,  at 
tbe  risk  of  continually 
rubbing  off  the  skin  from 
hia  fingers,  or  projecting 
the  em  nil  particles  of  the 
flint  or  steel  into  bis  eyes ; 
to  say  nothing  of  the  occa- 
sional brutality  of  the  coal- 
hewer,  who  would  allow  no 
relaxation  to  the  tired  little 
tbe  fingers  which  helped  to  pro- 

n' •>  duoe  tbe  lijjht. 

The  friction  of  a  railwny- 

greijt  as  even  to  set  fire  to  the 

pnrlant  source  of  light,  whether 
■a  to  the  ignition  of  a  lucifer- 

and  laborious  efforts  of  a 
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power  without  the  exercise  of  physical  strength.  Light  is 
procured  from  the  mere  contact  of  certain  chemical  agents. 
Thus,  if  some  chlorinated  lime,  called  chloride  of  lime,  be 
moistened  with  water,  and  placed  in  a  beaker-glass  stand  ng 
at  the  bottom  of  a  deep  jar,  and  some  acid  be  poured  upon  it. 
by  means  of  a  tube  and  funnel,  the  acid  being  hydrochloric  or 
sulphuric  acid,  effervescence  takes  place ;  a  heavy  gas,  called 
chlorine,  is  disengaged,  which  falls  to  the  bottom  of  the  jar; 
and  if  a  little  Dutch  metal — i.e.  copper-leaf — is  now  dropped 
into  it,  light  is  produced  by  the  sudden  combination  of  the 
metal  with  the  gas. 

In  performing  this  experiment,  great  care  must  be  taken  not 
to  inhale  the  chlorine  gas,  as  it  produces  a  most  painful  and 
irritating  cough,  which  would  last  a  considerable  time.  After 
performing  the  experiment,  either  place  the  glass  on  the  chim- 
ney-hob till  the  gas  has  all  passed  up  the  chimney,  or  put  it 
outside  the  wiudow  and  shut  down  the  sash ;  and  after  the  acid 
has  been  poured  in,  put  a  plate  over  the  top,  to  prevent  any 
gas  being  carried  out  of  the  jar  by  accidental  currents  of  air 
in  the  room. 

A  powder  composed  of  chlorate  of  potash  and  sugar  repre- 
sents solidity.  At  the  ordinary  temperature  of  the  atmosphere, 
these  materials  might  remain  in  contact  for  years  without 
evolving  light,  until  touched  with  the  smallest  quantify 
(a  drop)  of  oil  of  vitriol,  when  suddenly  a  little  crackling  noise 
is  heard,  a  large  flume  flashes  upwards,  and  the  heap  of 
powder  is  gone, — burnt  up,— changed  into  carbonic  acid  and 
aqueous  vapor,  which  pass  into  the  air;  while  a  small  quantity 
of  a  white  matter,  and  perhaps  a  few  specks  of  charcoal, 
remain  behind.  Before  the  extend*  d  manufacture  and  applica- 
tion of  phosphorus  in  the  preparation  of  lucifer-matches,  the 
same  mixture,  oombined  with  a  small  quantity  of  red  lead 
and  gum,  was  attached  to  the  ends  of  little  bits  of  pine- wood, 
and  these,  when  dipped  into  a  bottle  containing  asbestos 
moistened  with  oil  of  vitriol,  immediately  took  fire,  as  already 
explained. 

A  third  and  excellent  illustration  of  chemical  action  as 
a  source  of  light  is  shown  in  the  combustion  of  all  oil,  tallow, 
wax,  and  gas  in  the  production  of  artificial  illumination; 
the  perfection  of  the  light  depending,  in  a  great  measure, 
on  the  ignition  of  the  solid  charcoal,  which  introduces  us  to 

The  fourth  mode  of  procuring  light;  viz.:  by  the  increase 
of  heat  in  solid  bo  die*,  or  what  is  called  ignition  in  contra- 
distinction to  combustion,  which  means  the  actual  burning  of 
a  substance. 

For  instance,  if  a  deep  jar  is  filled  with  carbonic  acid  gas* 
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wbI  •  piece  or  dry  gun-cotton  is  dropped  into  it,  a  flume  repre- 
narisg  eombtuiiiin  will  not  fire  the  cotton,  as  tbe  lighted 
•r  is  extinguished  before  reaching  the  explosiye  substance, 
because  carbonic  aoid  gas  extinguishes 
flame;  but  if  a  piece  of  iron  wire  be 
heated — i.e.  ignited — this  may  he 
passed  through  the  carbonic  ncirt  gas 
unaltered,  and,  coming  in  contact  with 
the  gun-cotton,    immediately  causes  it 


i  the  dis 


of  tbe  eler 


cerned  in  tbe  combustion  of  ordinary 


biefly  of  hydrogen 
if  the  former  is 
les  with  tbe  oxygen 
is  formed,  and  much 
r  no  light,  obtained. 
1  of  platin"     -' 


gas,  which  c 
gas    and    carbon 
burned,   it  combi) 
of  the  air,  water 
■   heat,  but   little  o 
-    If,  however,  a  eoi 
*   placed  in  the  burning  hydrogen,  it 
1   comes   intensely  ignited,   and   light  is 
obtained;   the  metal  is  not  consumed, 
|   or  changed,  or  oxidized,  only  ignited, 
and  if  some  powdered  charcoal  is  sub- 
'    stiluted    for    the    platinum    wire    and 
J    dustedintheflame,  light  isnlsoobtained. 
tirri  Micgi'sii-cottori.  To  ilu  at  I'hnnnml  1-i.w-i.lur  into  a  hydro- 

gen flame  would  be  a  very  tedious  busi- 
ness: hence  ooh!  gas,  which  already  contains  the  charcoal,  sup- 
plies the  element  required,  and,  being  in  excess,  is  not  wholly 
and  at  once  burnt  up  hy  union  with  the  mygen  of  the  air,  but 
is  deposited  in  the  body  of  the  flame,  where,  becoming  ignited 
or  incandescent,  tbe  light  is  produced,  and  this  is  the  principle 
of  tbe  illuminating  power  of  oil,  tallow,  was,  &c. 

A  firth  source  of  light,  and  one  that  may  alarm  or  delight  us 
according  to  the  manner  of  its  production,  is  Electricity, — that 


,1-lwnic  fi.'L<1. 


rondrous  pr 
many  other 


■r  which  l 


endered   b 


ploys    to    convey    his    thoughts    almost    as 
nceived,  by  the  electric  telegraph.     In 
especially  as  a  light-giving  agent,  elec- 
time  to  become  second  only  to  the  sun 
utility  and  brilliancy. 

On  a  dark  stormy  night   there  is   nothing  more  awful    (in 

■Sequence  of  the   sudden tiess  (if  the  appearance  and   disap- 

jsace  of  the  excessively  brilliant  light)  thnn  a  flash  of  light- 
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ning.  In  vain  do  the  nervous  try  to  exclude  the  bright  gleams 
of  light  by  closing  shutters  or  hiding  heads  under  the  bed- 
clothes:  the  light  has  come  and  gone  ere  the  words  which 
chronicle  its  existence  have  escaped  us,  and  by  the  time  we 
have  remarked,  "  How  blue  the  lightning  is!"  the  cause  of  the 
color  has  vanished:  the  impression  only  remains  upon  the 
optic  nerve. 

The  electric  light  is  ob- 
tained either  by  passing 
a  stream  of  sparks  from 
the  prime  conductor  of 
an  electrical  machine,  or 
by  the  use  of  a  powerful 
voltaic  battery  of  at  least 
thirty  pairs,  on  Professor 
Grove's  principle,  which 
must  be  connected  with 
the  charcoal  points  ar- 
ranged on  the  ends  of  the 
instrument  called  the  uni- 
versal discharge. 

The  points  must  be  con- 
stantly brought  together, 
as  the  positive  pole  is 
always  losing  charcoal, 
which  deposits  partly  on  the  negative  pole  ;  the  carbon  so  de- 
posited is  not  in  a  perfect  state  of  aggregation,  and  soon  burns 
away;  otherwise  the  light  is  not  caused  by  the  combustion  of 
the  charcoal,  and  is  produced  by  the  ignition  of  the  points,  and 
the  passage  of  the  current  of  electricity  from  pole  to  pole. 

The  passage  of  the  charcoal  from  one  point  to  the  other  is 
perfectly  and  beautifully  displayed  on  a  screen  to  a  number  of 
persons  at  the  same  time,  by  using  Duboscq's  elegant  arrange- 
ment, in  which  the  electric  lamp  is  placed  inside  a  lantern  with 
a  plano-convex  lens,  and  provided  with  a  disk  perforated  with 
holes  gradually  decreasing  in  size.  By  adjusting  the  proper 
orifice  to  the  lens,  and  connecting  Duboscq's  lamp  with  the 
battery  of  thirty  cells,  a  picture  of  the  charcoal  points  is  pro- 
jected on  to  the  screen;  the  passage  of  the  electric  current, 
(shown  by  a  bluish  light,)  with  the  transfer  of  the  charcoal 
from  the  positive  to  the  negative  pole,  is  very  perfectly  seen. 

Professor  Pepper's  Duboscq  cascade  will  long  be  remembered 
by  the  habitue's  of  the  Polytechnic. 

The  sixth  source  of  light  is  perhaps  more  curious  than  all  the 
others  which  hav«  been  enumerated,  and  is  called  "  Phospho 
reticence"    This  term  must  not  be  confounded  with  the  use  of 
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Fig.  41.— a  a,  The  universal  discharge  with 
charcoal  points. 
b  b,  Three  batteries  of  ten  cells  each. 


H 


OPTICAL   EXPERIMENTS. 

b  called  phosphor 


the  highly  comhuetible  stibst 

luminous  effects  Hie  obtained  f: 

any   of  that  clement.     MoreoTw,    a  jilioeplio'  escem   light 

evolved  from  liviug  intern  r.  ami  therefore  it  must,  (>n  this  on; 

be  llie  result  of  some  leiiinrLjble  organic  process. 


..The  plan. _ 

a.  The  diaphragm,  perPimted  with  hole*  of  nriam  jIim. 

Iba  pietnn  of  the  positive  and  negative  pule*  la  ibowu  on  the  white  paper 


PHOSPHORESCENCE. 
:ast  seven  distinct  means  by  which  this  kind 


Attention  was  Brut  directed  to  thia  mode  of  Musing  bodies 
''line  in  the  dark  by  the  exper  ments  of  a  shoemaker  of 
fna,  who.  being  engaged  in  olcheniienl  mysteries.  Lay] 
lion  lo  calcine  some  native  sulplinte  of  bnrytn,  or  wli  t  ij 
tonly  termed  heavy  spar,  and  lie  remarked  that  whenever 
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this  substance  was  exposed  to  the  sun's  rays  after  being  heated 
red  hot,  it  possessed  the  curious  property  of  shining  when 
taken  into  a  darkeued  chamber.  The  si.oeniaker,  in  looking 
for  the  philosopher's  stone,  mi-sed  the  golden  prize,  but  dis- 
covered this  substance,  which  soon  began  to  be  in  great  demand 
among  the  curious  under  the  name  of  Bolognian  pi  osphoru*. 
and  after  the  death  of  Vincenzio  Cascariolo,  the  clever  shoe 
maker,  a  family  of  the  name  of  Zagoui  retained  the  secret  of 
the  preparation,  and  supplied  the  philosophers  and  dilettanti 
of  Europe  with  this  prepared  substance. 

Canton' 8  phosphorus  possesses  timilar  properties,  and  i| 
prepared  by  taking  a  doz<n  large  oyster-shells  and  placing 
them  in  an  open  fire  for  half  an  hour,  after  which  the  whitest 
and  largest  pieces  are  selected,  mixed  with  about  one-third  of 
their  weight  of  flowers  of  sulphur,  pressed  into  a  crucible  with 
a  closely -luted  cover,  and  heated  red-hot  tor  an  hour.  It 
should  be  remembered  that  the  oyster-shells  alone,  when 
heated  for  about  an  hour  in  contact  with  charcoal,  i.e.  placed 
in  an  open  fire  surrounded  with  coke,  become  luminous  when 
exposed  to  the  sun's  rays,  and  emit  curious  prismatic  colors  in 
a  darkened  room. 

Nitrate  of  lime,  prepared  by  saturating  nitric  acid  with  lime 
from  chalk,  evaporating  to  dryness,  and  melting  at  a  low  red 
heat,  evolves  light  in  a  dark  room  after  exposure  to  iheeun's  rays. 

The  conditions  of  success  in  the  use  of  these  solar  phospnori 
consist  in  a  great  measure  in  the  wnrmth  and  dryness  of  the 
weather,  as  a  cold  or  damp  state  of  the  atmosphere  decreases 
the  power  of  shining. 

NO.   II. — PHOSPHORESCENCE   BY   HEAT. 

In  this  case  it  is  only  necessary  to  take  various  substances 
in  the  powdered  state,  and  to  sprinkle  them  on  a  heated  sur- 
face, such  as  a  platinum  spoon,  held  over  the  flame  of  a  spirit- 
lamp,  and  an  iron  shovel,  just  red-hot,  taking  care  of  course  to 
perform  the  experiment  in  a  dark  room  or  a  cupboird  lined 
with  black  calico. 

The  powdered  substances  which  become  luminous*  in  this 
manner  are — 

Fetid  carbonate  of  lime,  called  stinkstone,  which  '•  rathe" 
plentiful  at  Bristol. 

Compact  phosphate  of  lime. 

Calcareous  spar. 

Heavy  spar. 

Powdered  quartz. 

Fluor  or  Derbyshire  spar. 

0  503 


•i'ICAL     IXPJEIMUf! 


Mr.  Pewaall  has  shown  (in  a  tery  interesting  series  of  ex- 
periments (Jut  the  luminosity  of  these  substances  is  greatly 
increased  by  electrical  discharges,  sod  be  f.ptind  that  it  coo- 
furred  (he  property  upon  many  subatances  which  did  not  other- 
wi_-c  possess  it. 


Various  animal  aubalancea  become  luminous  before  putres- 
cence bas  commenced,  and  especially  the  flesh  of  certain  fish, 
of  which  the  most  remarkable  are  leneh,  carp,  sole;  and  her- 
ring, lobsters,  Mid  crabs,  when  perfectly  fit  for  the  taole,  will 
sometime"  emit    i  phip^plniivKoent  light. 

Ons  of  (lie  most  remarkable  inslances  on  record  is  thai, 
d escribed  by  the  lute  Mr.  Daniel  Cooper,  and  witnessed  by  th« 
author,  rii,,  the  phosphorescence  of  the  whole  of  the  human 
bodies  which  were  undergoing  dissection  at  the  Webb  Street 
School  of  Medicine.  The  pbosphoroMMMM  commenced  in  one 
of  Iho  «iilyj«el».  and  a  portion  transferred  by  a,  scalpel  to  ilie 
Other  dead  boWM  DonfeTrad  the  same  property  upon  (hem. 
The  effect  was  extremely  wonderful,  nol  to  say  fearful;  it 
reminded  one  of  (be  ghostly  story  of  "  Frankenslein,"  and 
»ug Kernel!  Iho  fanciful  notion  nf  (lit;  re.Jiisci(ti(ion  of  theae  pour 
rioiniitiii  el' human  mortality. 


The  glowworm  (described,  with  ma.i.\y  other  "Common  Ob- 
jects of  (he  Country,"  by  the  Rev.  J.  C.  Wood)  is  not  a  worm, 
but  a  beetle. 


fcehu 
ler  lb 

itwhc 


liiiinli'ed-leL'giid  worm  limn-l  in  .Waved  poplar  Wood,  or 
lime,  bricli*.   mid    |wta   in   ilie  jrnrden,    emits  flashes  of 
When  irritated  by  a  little  warm  water.      Whilst. in  tropical 
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climates,  the  Lantern  and  Firefly  have  been  the  theme  of  admi- 
ration of  every  traveller. 

NO.  V. — THE   PH08PHORE8CENCE   OF    THE    SEA. 

Br.  Young  and  others  are  of  opinion  that  it  is  caused  by 
microscopic  mollusks.  "  Every  time,"  says  the  doctor,  4*I 
threw  a  net  into  the  water,  I  withdrew  it  full  of  biphores, 
heroes,  and  medusae.  In  one  single  drop  I  discovered  myriads 
of  small  beings  moving  rapidly  about,  and  at  every  contraction 
of  these  animalculse  the  emission  of  light  became  more  intense. 
...  I  had  placed  in  a  glass  vase  some  gigantic  biphores ;  I 
saw  them  alternately  rise  and  fall  in  the  water,  and  all  their 
movements  were  accompanied  by  a  jet  of  fire,  which  increased 
the  luminous  intensity  of  the  liquid  fourfold." 

The  French  Minister  of  Marine  lately  received  a  report  from 
Captain  Tr^buchet,  of  the  Capricieuse  corvette,  dated  Amboyna, 
August  28,  1860,  in  which  he  states  that  on  the  night  of  the 
26th  of  that  month,  while  tacking  to  reach  Amboyna,  lying  at 
about  twenty  miles  E.N.E.,  he  and  his  crew  witnessed  the 
curious  spectacle  of  the  Milky  Sea,  which  the  Dutch  call  the 
Winter  Sea,  because  both  the  sky  and  the  waters  present  the 
appearance  of  fields  covered  with  snow.  The  phenomenon 
lasted  from  seven  p.m.  until  the  return  of  daylight.  They  at 
first  attributed  it  to  the  reflection  of  the  moon,  then  only  three 
days  old ;  but,  as  the  appearance  continued  after  the  moon  had 
set,  this  explanation  had  to  be  discarded.  A  bucketful  of  sea- 
water  being  drawn  up  and  examined,  it  was  found  to  contain 
about  200  groups  of  animalculse  of  the  same  thickness  (that  of 
a  hair),  but  of  different  lengths,  varying  between  one  and  two 
tenths  of  a  millimetre,  and  adhering  to  each  other  by  tens  and 
twenties,  like  strings  of  beads.  These  insects  emitted  a  fixed 
light  similar  to  that  of  the  firefly  or  glowworm,  and  it  was  ad- 
mitted on  all  hands  that  the  white  appearance  of  the  sea  could 
only  be  attributed  to  these  minute  creatures,  the  numbers  of 
whioh  must  therefore  exceed  all  imagination. 

In  a  paper  read  before  the  Royal  Society,  written  by  Father 
Bourges,  he  speaks  of  the  phosphorescence  of  the  sea-water  in 
the  wake  of  the  ship,  and  says,  "  One  day  we  took  in  our  ship 
a  fish,  which  some  thought  was  a  boneta ;  the  inside  of  the 
mouth  of  this  fish  appeared  in  the  night  like  a  burning  coal, 
so  that,  without  any  other  light,  I  could  read  by  it  the  same 
character's  that  I  read  by  the  light  in  the  wake  of  the  ship.  Its 
mouth  being  full  of  a  viscous  matter,  we  rubbed  a  piece  of  wood 
with  it,  which  immediately  became  all  over  luminous;  but  as 
soon  as  the  moisture  was  dried  up,  the  light  was  extinguished." 
This  phosphorescent  light  may  be  one  of  th»  inscrutable  won 
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ders  of  creation,  and   serve  possibly  to  illumine   Ibe   eternal 

darlnic^s  «i("  1 1n1  great  ocviLri-iJujiiiiS  tu  which  the  rnysof  thesuD 

food  near  lliesc  valleys  uf  (he  l>ed  irf  i  be  ocean. 

Decayed  wood,    and  espei 
observed  to  evolve  a  faint 
been  remarked  lo  give  out 
warm  summer's  evening, 
tuberose,  nasturtium,   nnc" 
Phytolacca  decandra,  and 
ihhomorpba,  have  been  oba 

:ially  peat,    has    occasionally  been 
light,  and  even  some  flowers  have 
brilliant  flashes  of  light  during  n 
Fne  names  of  the  flowers  are  1  hi 

losses,  with  some  species  of 
>  be  luminous  in  mines. 

Mr.  H.  Rose  notices  a  rei 
in  the  solution  of  vitreous  hi 

ounces  of  the  hydrochloric 
water,    and   the  whole  boi 
•when  very  slowly  cooled  ll 
lizes,  and  nearly  every  cry 
of  light  in  a  darkened  room. 

e  instance  of  this  property 
acid  in  hydrochloric  acid  ; 
lould  be   dissolved  in  three 
iluled   with   one   ounce  of 
ifteen  minutes  in  a  Brsk; 
ous  ocid  gradually  crystal- 
forms  emits  a  bright  flash 

s  of  phosphorescence  docs  not  yet  seem  to  be  per- 
fectly under.- Hi  oil  ;  by  the  vibratory  or  undulatovy  llieory  of 
light,  it  is  possible  to  conceive  that  vibrations  may  be  com- 
menced in  phosphorescent  bodies  and  communicated  to  the 
surrounding  ether.  The  glowworm  and  firefly  may  be  natu- 
rally endowed  with  the  power  to  produce  these  rapid  vibrations, 
tho  principle  being,  that  as  vibrations  of  the  air  produce  sound, 
so  the  vibrations  of  tbe  theoretical  ether,  Which  is  supposed  to 
fill  all  space,  would  generate  light. 

Phosphorescence  is  quite  independent  of  combustion  ;  it  may 
arise  in  some  cases  from  electrical  disturbance,  but,  taking  it  as 
a  whole,  scientific  men  are  obliged  lo  confess  their  ignorance 
of  the  causes  which  produce  the  leading  cases  of  pkoapho- 
e  already  enumerated. 


PHENOMENA  OF  LIGHT. 

niTHEitTO  the  experiments  and  remarks  in  this  article  have 

iplied  merely  tu  self-luminous  bodies,  but  yet  we  see  every 

Tcr  shape  and  form  on  the  surface  of  the  globe,  although  (he 

ies  may  not  be  self-luminous.     The  cause  is  very  simple, 
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and  depends  chiefly  on  the  property  possessed  by  all  bodies  of 
reflecting  or  throwing  off  the  rays  of  light. 

For  instance,  we  might  enter  in  imagination  the  cavern  of 
the  Forty  Thieves  in  the  tale  of  Ali  Baba ;  the  countless  riches 
are  comparatively  useless,  because  we  cannot  see  them,  they  do 
not  shine  and  make  themselves  apparent  in  the  dark;  but  a 
lighted  taper  or  torch  very  soon  throws  its  rays  in  every  direc- 
tion, and  these  falling  on  the  surrounding  objects  are  reflected 
to  the  eye  and  there  produce  the  phenomena  of  vision. 

A  bright  beam  of  light  may  be  passed  from  the  Duboscq 
lantern  across  a  darkened  chamber,  and  if  it  falls  upon  a  piece 
of  black  velvet  and  the  face  is  turned  away  from  it,  hardly  any 
light  is  perceptible  in  the  room ;  but  if  the  rays  be  received  on 
a  sheet  of  card-board,  then  the  secondary  reflection  illumines 
the  room.  It  is  this  reflection  of  light  by  clouds  and  masses  of 
vapor  that  produces  the  diffused  light  of  day.  If  the  globe 
was  not  surrounded  by  an  atmosphere,  the  sun  would  look  like 
a  huge  electric  light  in  a  perfectly  black  sky.  Hence  the  im- 
portant connection  between  luminous  and  non-luminous  bodies. 
For  the  purpose  of  reasoning  on  the  properties  of  light,  it  is 
usual  to  consider  a  beam  of  light  as  made  up  of  rays,  and 
when  a  ray  of  light  remains  in  the  same  medium  of  the  same 
density,  it  pursues  a  perfectly  straight  line,  but  if  it  passes  out 
of  that  medium  into  another  of  a  different  density,  or  into  any 
other  solid,  fluid,  or  gaseous  body,  it  may  be  disposed  of  in 
four  different  ways.     It  may  be 

1.  Reflected.  8.  Polarized. 

2.  Refracted.  4.  Absorbed. 

The  limits  of  this  very  popular  article  will  not  allow  us  to 
discuss  Nos.  3  and  4,  but  there  are  many  entertaining  experi- 
ments to  be  performed  with  light  in  the  use  of  various  reflect- 
ing and  refracting  substances. 

THE   BEFLEOTION   OF   LIGHT. 

Nature  supplies  us  with  bodies  of  all  degrees  of  reflecting 
power,  and  it  is  a  property  which  is  influenced  rather  by  the 
condition  of  the  surface  than  the  nature  of  the  material,  as  we 
may  destroy  the  brilliancy  of  a  bright  mirror  by  breathing 
upon  it,  ana  we  may  also  confer  a  reflecting  surface  on  black 
charcoal  by  applying  the  thinnest  film  of  gold  or  silver  leaf. 

Concave  mirrors,  in  which  the  surface  corresponds  with  the 
inside  of  a  watch-glass,  have  the  property  of  collecting  the 
rays  of  light,  while  convex  mirrors,  in  which  the  surface  re- 
semble* the  exterior  of  a  watch-glass,  scatter  the  rays  in  all 

Q*  507 


78  OPTICAL  £XP£BIM£NTS. 

directions.  Flat  surfaces  afford  plain  reflections,  and  one  of 
the  prettiest  applications  of  flat-reflecting  surfaces  is  shown  in 
that  beautiful  invention  of  Sir  David  Brewster  called 

THE   KALEIDOSCOPE. 

This  interesting  instrument  is  of  modern  invention,  and 
forms  a  toy  of  the  most  pleasing  kind.  Rough,  though  effect- 
ive, kaleidoscopes  may  be  purchased  for 
a  very  moderate  price  at  most  toy-shops, 
but,  for  the  instruction  of  those  of  our 
readers  who  would  like  to  make  them, 
we  proceed  to  give  some  instructions  by 
which  they  may  construct  very  passable 
specimens  for  a  trifling  expense.  Get  a 
tube  of  tin  or  pasteboard  of  eight  or  ten 
inches  in  length  and  one  and  a  half  or 
two  inches  in  diameter ;  have  one  end 
stopped  up  with  a  piece  of  tin  firmly 
soldered  in,  and  let  there  be  a  slight  hole 
made  exactly  in  the  centre  of  this  end- 
piece.  Next  procure  two  pieces  of  look- 
ing-glass of  nearly  the  length  of  the  tube,  for  reflectors ;  but 
if  looking-glass  is  not  easily  obtained,  strips  of  good  new  crown 
glass  will  answer  the  purpose,  if  the  lower  surfaces  are  black- 
ened with  lamp-black  or  black  wax.  These  plates  of  glass 
must  be  put  into  the  tube  in  the  manner  shown  at  B  C  B  D  in 
the  marginal  figure ;  they  must  be  quite  parallel  and  close  to 
each  other  at  the  lower  part  B,  and  kept  asunder  at  the  upper 
part  by  a  piece  of  cork  or  any  other  substance  £;  the  polished 
sides  of  the  glasses  must  be  uppermost,  as  at  b  b;  A  indicates 
the  sight-hole  at  the  farther  end,  and  close  to  this  the  reflectors 
must  be  fitted.  The  reflectors  being  put  in,  a  piece  of  glass  of 
the  same  diameter  as  the  tube  is  to  be  pushed  into  the  tube  so 
as  to  touch  the  reflectors,  sundry  bits  of  different-colored  glass 
are  to  be  laid  on  it,  and  a  ring  of  brass  or  copper  placed  round 
its  edge,  and  then  another  piece  of  glass,  one  side  of  which  has 
been  ground  with  fine  emery,  laid  upon  that ;  the  edges  of  the 
tin  tube  are  then  to  be  burnished  down  round  the  last-men- 
tioned piece  of  glass,  by  which  plan  the  glasses  are  firmly 
secured  in  their  places  and  the  instrument  completed.  Jf  a 
piece  of  marbled  or  tinted  paper  is  afterward  nicely  pasted 
over  it,  the  kaleidoscope  will  look  very  neat  and  workmanlike. 

THE    MYRIAMOSCOPE,    OR    MAGIC    DESIGNER. 

This  instrument  is  a  variation  of  the  kaleidoscope,  possess' 
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tng  much  of  the  beautiful  effect  of  thai  pleasing  invention, 
without  its  liability  to  be  affected  by  a  shake,  so  as  to  derange 

the  elegant  forms  which  it  produces. 
A  is  a  square  box,  in  the  front  of 
which  the  sight-hole  B  is  made ;  two 
rollers,  C  C,  are  placed  at  the  bottom 
of  the  box,  and  in  order  that  they 
may  be  made  to  move  round  with 
facility,  knobs  or  handles  should  be 
fixed  to  the  ends  of  their  axles  at  the 
sides  of  the  box.  On  these  rollers  a 
piece  of  calico,  D,  must  be  wound, 
and  upon  which  fanciful  borders, 
flowers,  and  ornaments  cut  out  from 
pieces  of  paper-hangings,  must  be  pasted.  Two  plane  mirrors, 
E  E,  joined  together  by  a  strip  of  leather,  hinge-fashion,  are 
then  to  be  put  on  the  calico,  as  shown  in  the  margin,  and,  of 
course,  all  the  objects  thereon  make  a  very  pretty  display  in 
the  glasses  when  viewed  through  the  sight-hole  B.  The  mir- 
rors must  be  so  constructed  that  they  may  be  put  to  any  incli- 
nation by  means  of  two  small  pieces  of  wood  fastened  to  them 
And  passing  through  the  sides  of  the  box.  An  opening  should 
be  made  in  the  box  for  the  convenience  of  renewing  Hie  sub- 
jects, and  the  top  of  it  be  covered  with  muslin,  strained  tight, 
or  some  other  semi-transparent  medium. 


Fig.  45. 


THE   REFRACTION   OF   LIGHT. 

Light  is  refracted,  or  bent  out  of  its  course,  when  it  passes 
obliquely  through  a  medium  of  greater  density  than  that  which 
It  has  been  traversing  so  as  to  fall  quite  in  a  different  place  to 
what  it  would  have  done  had  it  not  passed  into  that  medium ; 
and  the  amount  of  this  refraction  or  bending  of  the  light  is 
always  governed  by  its  obliquity,  and  the  nature  of  the  sub- 
stance through  which  it  progresses.  There  are  some  sub- 
stances or  media  which  are  of  greater  density  and  refract  light 
better  than  others,  as,  for  instance,  alcohol  refracts  it  more  than 
water,  oil  more  than  alcohol,  and  glass  even  more  than  oil. 
Among  the  many  useful  inventions  which  the  progress  of 
civilization  and  knowledge  has  brought  forward,  there  are  few 
which,  are  of  so  much  utility  as  those  which  depend  upon  the 
refractive  powers  of  glass  for  their  effect ;  and  these  are  the 
telescope,  microscope,  camera  obscura,  magic  lantern,  Ac.  &c. 
The  pieces  of  glass  used  *.n  these  instruments  are  termed  lenses, 
from  their  being  made  in  the  shape  of  a  flat  bean  or  lentil ; 
this  shape,  from  being  '-ornded  outwarls  on  both  sides,  forms 
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what  is  called  a  convex  lens,  and  in  addition,  the  concave,  or 
koUow  on  both  sides,  with  the  various  modifications  of  both 
kinds  of  lenses,  are  employed  for  optical  purposes.     The  con- 
vex lenses  cause  the  different  rays  which  pass  through  them 
from  any  given  point  or  object,  to  bend  and  unite  together 
Again  at  another  point  beyond  them.     The  more  convex  the 
lens  is,  the  nearer  is  its  focus,  for  it  has  been  ascertained  that 
the  focus  of  a  double  convex  lens  is  exactly  where  the  centre 
of  the  sphere  would  be,  of  which  the  surface  of  the  lens  is  a 
portion ;  consequently,  in  proportion  to  the  convexity  of  the 
{ens,  so  will  the  nearness  of  its  focus  be,  as  it  then  forms  a 
part  of  a  smaller  sphere.     When  the  light  proceeding  from  all 
points  of  any  object  placed  before  a  lens  is  collected  at  a  cer- 
tain point  beyond  it,  and  received  on  a  white  screen  or  other 
medium  in  a  darkened  room,  it  produces  the  well-known  effects 
of  the  magic  lantern,  the  solar  and  oxy-hydrogen  microscopes, 
and  the  camera  obscura:  and  when  the  image  beyond  a  lens  is 
ricwed  in  the  air,  in  a  particular  direction,  it  then  shows  the 
disposition  of  parts  which  form  the  telescope,  common  micro- 
Kope!  Ao.    The  concave  lens  acts  exactly  the  reverse  of  the 
coaTtx:  that  is,  instead  of  converging  the  rays  to  a  point,  it 
flnjn<is  them,  and  causes  them  to  fill  a  space  considerably 
lancer  lAan  the  size  of  the  lens  itself. 

Si  me  of  the  most   striking  of  celestial   appearances,  and 

wMcb  are  of  very  frequent  occurrence,  are  the  result  of  the 

— iWtion   and   refraction  of    the    rays  of  light.     The   serene 

^-.id  $low  of  twilight,  which   so   softly  and  sweetly  ends  the 

!*<■.  an-1  diminishes  the  transition  from  the  burning  glare  of 

r»e  5'in  to  the  cold  hues  of  night,  is  owing  to  reflection,  and  so 

4«/is  i hat  beautiful  many-colored  arch,  the  rainbow.     The 

vt-:*d  f'nt8  of  tne  clou<k»    from    tne    gray>    pearly,   morning 

A»*a»  t*  ,ne  brilliant  crimson  and   gold  glories  of  sunset,  are 

MJucvd  by  a  combination  of  causes,   absorption,  reflection, 

H^  infraction.     The  deceitful  mirage  is  another  effect   owing 

u  ^fraction.     It  is  occasioned  by  unequal  refraction, — that  is, 

^ja  ihe  rays  of  light  enter  a  medium  of  different  densities, — 

a*£  tf  *  phenomenon  of  rare  occurrence  in  temperate  climates, 

jarring  chiefly  in  those  subject  to  the  extremes  of  tempera- 

-».  whether  of  heat  or  cold.     In  the  arid  deserts  of  Africa, 

"rage  frequently  presents  the  appearance  of  a  delightful 

"country  stretching  across  the  wide  plain,  in  which  the 

*  fancies  he  may  refresh  himself  and  his  camels,  shel- 

•  lofty  palm-trees,  from  the  scorching  rays  of  the  sun; 

he  wanderer  pursues  his  onward  course,  he  finds  the 

antial  forms  vanish  before  his  eager  gaze,  making  the 

jray  still   more  desolate  from  the  bitterness  of  disap- 
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pointment.  In  the  Arctic  regions  also  the  mirage  presents 
forms  of  great  interest  and  beauty,  but  of  a  different  character 
from  those  in  the  torrid  lone,  displaying  lofty  towers  and  pin- 
nacles, high  battle mented  walls  and  aerial  palaces,  from  the 
refracted  forme  of  the  icebergs.  There  are  many  pleasing- 
ways  of  showing  the  principles  of  refraction. 


Put  a  piece  of  money  at  the  bottom  of  an  empty  basin,  and 
then  retire  a  few  steps  backwards,  till  the  edge  of  the  basin 
screens  the  money  from  your  sight.  Keep  your  head  steady, 
and  request  some  one  to  fill  the  basin  very  gently  with  water; 
as  the  water  rises,  the  coin  will  come  gradually  into  view, 
and  when  the  basin  is  nearly  full  of  water  it  will  be  completely 

By  the  assistance  of  the  Duboscq  lantern,  arranged  as  already 
described,  with,  the  exception  of  the  diaphragm,  which  must  be 
removed  and  a  piece  of  thick  cardboard  or  brass  cut  in  the  form 
of  an  arrow  arranged  in  its  place,  and  a  double  convex  lens 
placed  in  front,  a  perfect  image  of  the  arrow  is  thrown  on  the 
disk,  and  whilst  the  picture  is  visible,  if  a  piece  of  plate-glass, 
marked  o  in  the  cut,  say  one  inch  wide  and  half  an  inch 
thick  and  six  inches  long,  is  held  across  the  shaft  of  the  card- 
board arrow,  a  piece  of  the  shaft  is  seen  to  he  broken  out  op 
refracted,  as  shown  in  the  picture  below. 


Jig.  IB  — a.  The  alectrlc,  or  o iT-hydrngan  light . 

>,llio  plano-convex  lent,  or  "  bull's-eye." 

0,  Th*  Wt  of  platf-gliM.  the  rifracting  ntdium,  [n  front  of  the  ■now. 

k,  Ttw  Irnngo  on  the  «creen,  ihowlug  the  orrow-nhift  broken,  or  •etuirttt. 
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THE  MAGIC  LANTERN. 


il   service  to  the 
magicians   of   those   limes, 
enabling  them  to  work  upon 
the  credulity    of  the   igno- 
rant and  superstitious  with 
Hie   utmost   facility.      As  > 
vehicle    of   amusement,  it 
contributes  in  no  small  de- 
gree, in  the-  shape  of  a  gi< 
lantee  show,  to  the  hilarity 
of  a  party  of  merry  younfc- 
ers  in  a  lone  winter's  nigh!: 
ans  by  which 
tstronomy  Ban 
dated,  il  arrests  the 
of    the    old    and 

eh  demands  our 
St,  is  represented  in  Ihe  margin.  A,  is  a  box  made 
of  wood  or  tin.  about  ci[;]it  inches  square,  having  a  bent  funnel 
or  chimney.  B,  at  the  top  ;  a  handle,  C.  renders  it  a  portable 
in-intiiieitt.  nnd  holey  are  made  near  the  botlom  to  feed  Ihe 
flame  of  the  lamp  with  the  air  which  is  requisite  for  its  com- 
bustion; in  the  front  of  the  box  there  is  a  tin  tube,  furnished 
at  the  end  near  the  light  with  a  plano-convex  lens,  D,— which 
indeed  is  affixed  to  the  lantern  itself, — and  at  the  other,  a 
doubly  convex  lens,  P;  this  tin  tube  is  fixed  to  the  lantern  by 
a  square  foot,  the  sides  of  which  are  open,  as  at  E,  to  admit 
the  sliders,  and  the  end  of  the  tube  in  which  the  doubly  convex 
lens  is  fastened  is  made  to  slide  in  and  out  for  convenience 
when  adjusting  the  focus ;  a  third  lens  is  occasionally  em- 
ployed when  the  space  is  very  confined,  as  a  larger  field  of 
view  can  be  obtained  by  its  aid  than  in  the  ordinary  method. 
The  lamp,  G,  is  a  common  argand  burner,  furnished  with  a 
concave  tin  reflector,  to  concentrate  the  intensity  of  the  light; 
and  if  the  lamp  is  made  to  slide  backwards  and  forwards  by 

frhan t asm agorial  Lantern  varies  but  slightly  from  the 
j,  the  chief  points  in  which  it  differs  being  in  the  form 
Jbe  containing  the  doubly  convex  lens,  which  is  made 
k  more  beyond  the  lens,  F,  and  in  the  lens  itself  being 
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contrived  so  as  to  move  readily  backwards  and  forwards,  either 
oy  a  rack  and  pinion,  or  studs  fastened  on  each  side ;  in  a  flap 
to  shut  off  the  light  abruptly,  which  may  be  either  a  tin  slider 
to  run  into  the  groove,  or  else  a  piece  of  tin  fastened  in  the 
front  of  all',  and  in  the  top  of  the  square  chamber,  in  which 
the  sliders  run,  being  made  so  as  to  open  on  occasion. 


PAINTING  THE   SLIDERS. 

The  sliders  are  made  of  pieces  of  glass,  surrounded  by  a 
slight  frame,  and  in  dimensions  are,  of  course,  regulated  by  the  * 
depth  .of  the  aperture  intended  for  them  in  the  lantern.  Few 
hints  can  be  given,  beyond  naming  the  colors  and  the  mode  of 
preparing  them,  toward  the  painting  of  the  sliders,  as  taste  is 
the  best  guide  and  practice  the  most  impressive  instructor  in 
all  matters  relating  to  painting.  The  colors  proper  are  only 
such  as  are  transparent ;  and  they  are  the  following : — gam- 
boge, scarlet  lake,  Prussian  blue,  a  green  made  of  distilled 
verdigris  and  a  quarter  of  its  bulk  of  gamboge,  burnt  sienna, 
burnt  umber,  and  lampblack.  A  few  materials,  such  as  a 
glass  muller,  and  slab, — which  last  may  be  about  six  inches 
square, — a  palette-knife,  and  some  small  bottles  to  put  the 
colors  in  after  they  are  ground,  are  also  requisite.  The  colors 
should  be  ground  up  with  Canada  balsam  and  turpentine,  equal 
parts  of  each,  or,  if  in  that  proportion  they  are  too  thick  for 
grinding  freely,  rather  more  turpentine  may  be  added :  so 
mixed  they  require  about  a  week  to  dry,  and  have  a  very  beau- 
tiful appearance ;  but  if  it  is  wished  to  have  them  harden  in 
less  time  than  that,  mastic  varnish  may  be  employed  instead. 
When  painting,  take  a  very  little  oolor  at  a  time  oat  of  the  bot- 
tles, as  it  soon  hardens ;  and,  if  too  thick,  temper  it  with  tur- 
pentine. A  piece  of  glass  will  serve  as  a  palette,  and  a  bit  of 
stick  as  a  means  of  getting  the  color  out  of  the  bottles.  The 
black  pigment  used  in  darkening  the  surface  of  the  glass  round 
the  figures  of  the  Phantasmagorial  sliders  is  composed  of  lamp- 
black and  asphaltum,  dissolved  in  turpentine. 

The  subjects  intended  for  the  sliders  must  be  carefully  drawn 
upon  a  piece  of  paper,  which  should  be  placed  under  the  glass, 
and  then  painted  from ;  and  too  much  attention  cannot  be  paid 
to  the  drawing  of  them ;  for,  when  they  are  thrown  upon  the 
wall,  all  their  defects,  however  minute,  are  enlarged  to  an 
astonishing  extent. 

Those  parts  of  the  subjects  which  are  to  appear  white  must 
be  left  entirely  destitute  of  color,  as  flake  and  all  other  whites 
are  opaque  pigments.  The  mixed  colors  are  produced  yj 
blending  the  colors  before  mentioned  •  thus,  greens  are  ma^j  by 
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means  of  yellow  and  blue,  orange  by  yellow  ond  carmine,  Sc; 
this  last,  although  not  on  enaot  orange,  is  near  enoiigli  for  the 
purpose,  fur  ill?  roil  which  cini  ijiusts  the  plover  liiu  is  opa<iue, 
■ml  oouequently  useless.  The  shadow!  may  be  obtained  either 
by  stronger  lints  of  the  same  -colors,  or  by  shades  of  brown  or 
blue  as  may  be  requisite.  It  ifl  necessary  lo  observe  that  the 
sky-lints  must  be  darker  than  ihey  are  iniended  to  appear,  for 
the  yellow  light  of  the  lump  Ihrowing  a  yellowish  tone  upon 
the  colors,  they  would  lose  their  effect  were  (hey  not  so 
managed;  for  the  same  reason,  the  green  of  trees  and  grass 
.should  be  painted  of  a  bluish  green,  the  reds  bo  but  very 
slightly  used,  and  never  shaded  with  blue;  and  purples  should 
also  be  but  sparingly  emptayed,  for  the  yellow  lone  of  the 
lights,  uniting  with  the  blue  nml  lake  colors  used  in  the  purple, 
forms  a  decidedly  neutral  tint,  or  blockish  purple,  much  too 
dark  and  unintelligible  ivr  tin-  pi.i ]■]".'■■<:.  As  it  is  often  neces- 
sary to  remote  some  parts  which  do  not  hum^piiiie  even  after 
they  have  well  dried,  a  penknife  will  be  found  of  great  assist- 
ance, and,  when  biijjhi  line?  are  required  upun  !i  dark  ground, 
the  effect  is  easily  managed  by  scratching  the  color  away  with 
a  needle  or  any  oilier  puimed  instrument ;  and  if  the  lines  are 
to  appear  faintly  colored,  it  is  only  necessary  to  paint  them 
delicately  afier  the  scratching  is  completed. 

Tho  sliders  for  tho  common  magic  lantern  are  transparent, 
that  is,  the  figures  are  painted  on  a  piece  of  plain  glass,  whilst 


A^feg^  g 


on  those  used  in  the  Phantasmagoria!  lantern  the  figures  an 
surrounded  by  an  opaque  black  tint,  as  in  the  illustrations; 
the  figures  on  the  former  are  usually  shown  upon  a  wall,  as  re- 
presented in  the  headpiece  to  this  chapter,  page  495,  and  inva- 
riably have  a  circle  of  light  around  them  ;  whilst  those  in  (he 
i  upon  a  semi-transparent  screen,  which  ii 


ced  betw. 
nee  of  n< 


i   the 


beautiful  appearance. 

Almost  magical  effects  of  light,  shade, 

produced  by  means  of  different  glasses; 

and  the   sliders  so 

adapted  are  termed  "movable  sliders." 
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Fig.  48. 


Landscape-glasses  are  glasses  on  which  several  views  are 
painted,  divided  from  each  other  by  some  slight  foreground 
object,  as  a  tree,  or  a  building,  or  guidepost.  Various  effects, 
from  the  brightest  mid-day  to  the  deepest  tints  of  night,  may 
be  produced  in  these,  by  means  of  double  sliders;  and  these 
contrivances  may  be  thus  applied.  Cut  away  the  frame  of  the 
slider  at  each  end,  nearly  even  with  the  glass,  and  fasten  two 
narrow  strips  of  wood  along  the  glass,  one  at  the  top  and  the 
other  at  the  bottom ;  the  piece  of  glass  which  is  to  be  moved 
should  exactly  fit  the  space  between  the  upper  and  under 
frames,  and  act  upon  the  slips,  and,  to  keep  it  steady  in  its 
place,  two  or  three  pins  may  be  driven  into  the  slips. 

Storm-glasses,  which  are  very  ingenious  representations  of 
the  effects  developed  by  a  change  from  a  calm  to  a  thunder- 
storm, require  two  glasses,  as 
in  the  former  slider:  No.  1  in 
the  annexed  illustration  shows 
a  common  slider  painted  at  one 
end  to  represent  a  calm  of  sea 
and  sky,  and  the  sun  setting  in 
splendor;  toward  the  centre 
the  clouds  appear  threatening, 
and  a  gentle  undulation  of  the 
water  breaks  its  repose ;  farther  on,  a  still  greater  agitation  ot 
the  clouds  and  water  is  shown ;  and  at  the  other  end  the  light- 
nings flash,  and  the  sweeping  wave  tells  of  the  war  of  elements. 
The  effect  is  materially  heightened  by  means  of  the  second 
slider,  No.  2,  having  several  ships  painted  on  it ;  and  these,  of 
course,  must  correspond  to  the  action  of  the  water,  from  the 
bark  sailing  in  quiet  majesty  to  the  tempest-torn  and  shattered 
hulk. 

The  effects  of  moonlight  and  sunrise  may  also  be  imitated  by 
double  sliders,  and  by  a  third  one  figures  may  be  introduced 
upon  the  scenes  to  add  to  their  beauty. 

The  eyes  and  mouths  of  figures  and  animals  may  be  made  to 
move,  and  produce  a  most  singular,  nay,  almost  frightful,  effect; 
and  by  referring  to  the 
marginal  illustration  the 
modes  by  whioh  these  are 
managed  will  be  clearly 
understood.  In^jjo.  1  the 
heads  of  a  crocodile  and 
lion  are  delineated,  and  in 
No.  2  the  contrivances  for 
moving  the  jaw  of  the  one 
and  the  eyes  of  the  other.     A,  represents  a  piece  of  talc  having 
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jrtumted  upon  it  and  surrounded  with  black,  whic* 

$&  »  a  smc*  of  corresponding  size  left  blank  in  the  perfect 
S^jfcl  lever  should  be  fastened  to  this  piece  of  talc, 
*  ftrrot  on  the  frame,  and  project  a  little  beyond  it; 
_£**  *  ttOTCS  up  and  down,  so  will  the  crocodile's  mouth  ap- 
**«r  m  <tf*ft  and  shut.  The  eyes  of  the  lion  must  be  painted 
>^^  *f*n  a  transparent  piece  of  talc,  as  at  B,  from  which  a 
jftfr  kror  should  be  carried,  as  in  the  former  case,  to  a  little 
l^Md  th«  frame,  and,  to  prevent  the  talc  from  shifting  too  far 
jfo\flr  Wck wards  or  forwards,  a  drop  or  two  of  sealing-wax,  or 
A  Suit  knob  of  wood  fastened  to  the  glass  on  each  side,  either 
*f  ilrt  talc  or  lever,  will  be  found  sufficient. 

8CEEENS    FOR    THE    LANTERNS. 

j^s  w«  before  briefly  stated  that  different  media  were  re- 
a^Jtii  on  which  to  show  the  effects  of  the  Magic  Lantern  and 
fliMMasmagoria,  we  must,  in  concluding  this  article,  give  some 
jftrtctions  respecting  them.  Although  any  white  surface  will 
4*  very  well  to  receive  the  objects  from  the  Magic  Lantern,  yet 
%  clean  sheet  stretched  tightly  upon  a  wall  is  by  far  the  best, 
4$  the  chief  point  is  to  have  a  medium  of  perfect  whiteness  and 
^uite  flat.  The  screen  for  the  Phantasmagoria  may  be  made 
*f  tissue-paper  strained  upon  a  frame.  Some  persons  recom- 
mend oiled  paper  as  the  best  medium;  but,  in  our  opinion, 
paper  so  prepared  is  too  transparent,  the  plain  tissue  being  thin 
And  translucent  enough  for  any  purpose. 

Wetted  muslin  and  waxed  muslin  are  also  advocated  by  sonic 
persons;  but  for  a  screen  suited  to  the  pockets  of  young  experi- 
mentalists, nothing  can  be  better  than  the  one  we  recommend. 

THE    STANHOPE    LENS 

Is    a    very    simple,    portable,    and    economical    species    of 
microscope,  invented  by  the  late  Earl  of  Stanhope.      It  is  a 
cylinder  of  glass,  about  half  an  inch  in  length  and  a  quarter  of 
an  inch  in  diameter,  and  is  generally  mounted  in  whito 
metal,  silver,  or  gold.     Both  ends  are  ground  convex, 
one  rather  more  bo  than  the  other,  and,  as  its  focus 
does  not  exceed  its  length,  it  is  only  necessary  to  put 
the  object  to  be  viewed  either  upojjfcor  in  immediate 
contact  with  the  end  which  has  the  slighter  degree  of 
convexity,  to  hold  the  instrument  up  to  the  light  and 
look  through  it,  when  the  object  will  be  seen  consider- 
ably   magnified,   to     the    extent,  we  believe,   of  40C6 
*L     times;   its  magnifying-power  is,  therefore,  nearly  equal 
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to  that  of  many  compound  microscopes.  The  animalouto  in 
stagnant  water,  the  mites  in  cheese,  the  farina  and  delicate 
leaves  of  flowers,  the  beautiful  down  upon  the  wings  of  butter- 
flies and  moths,  human  hair,  and  hairs  of  different  animals, 
are  among  the  objects  which  this  lens  develops  in  a  lucid 
manner,  as  likewise  the  exquisitely  minute  crystallization  of 
salts,  if  a  drop  of  solution  of  salts  be  lightly  spread  over  one 
end  of  it  and  viewed  instantaneously  ere  the  moisture  fully 
evaporates. 

THI    CAMERA   OB8CURA. 

Have  a  box  made  about  twelve  inches  in  length,  four  in 
depth,  and  six  in  width ;  in  the  middle  of  one  end  of  it  let  a 
hole  be  bored,  as  at  A,  in  the  annexed  diagram,  in  which  put  a 
doubly  convex  lens ;  and  at  the  other  end,  inside  the  box,  place 
a  piece  of  good  looking-glass,  as  at  B,  inclining  it  at  an  angle 
of  45°,  or,  in  less  technical  phrase,  in  a  position  midway  be- 
tween the  horizontal  and  perpendicular,  so  as  to  reflect  objects 
upwards.  Part  of  the  top  of  the  box  must  be  made  so  as  to  act 
the  part  of  a  lid,  upon  hinges,  as  D,  and  the  space  beneath  be 
filled  up  by  a  piece  of  ground  glass  C,  upon  which  medium  the 
objects  are  reflected  from  the 
looking-glass  with  the  utmost 
exactness  and  greatest  beauty, 
so  as*  to  appear  like  an  ex- 
quisite picture  in  miniature. 
Sides  are  usually  added  to  the 
lid,  as  at  £,  to  keep  off  as  much 
of  the  circumambient  light  as 
possible.    In  some  cameras,  in-  Fig.  52. 

stead  of  a  fixed  lens,  a  sliding 

tube,  with  a  lens  at  the  extremity,  is  employed.  The  inside 
of  the  box  should  be  painted  over  with  lampblack,  or,  in  de- 
fault of  that,  stained  with  ink. 

8IMPLE    MICROSCOPES. 

Get  a  piece  of  thin  platinum  wire,  and  twist  it  round  the  point 
of  a  pin,  so  as  to  make  a  very  small  ring  with  a  handle  to  it 
Next  break  a  piece  of  flint  glass  into  pieces  about  the  size  of 
mustard -seeds,  or  somewhat  larger;  put  one  of  the  pieces 
upon  the  ring  of  wire,  and  hold  it  in  the  point  of  the  flame  of 
a  candle ,  when  the  glass  melts,  it  will  become  of  a  completely 
globular  form,  and  serve,  when  mounted,  every  purpose  to 
which  microscopes  can  be  applied.  The  simplest  mode  of 
mounting  these  diminutive  lenses  is  either  to  put  one  between 
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two  pieces  of  brass,  which  have  holes  made  in  them  of  just  tfx 
siie  to  retain  the  edge  of  the  lens,  or  they  may  be  fastened  to  a 
single  piece  of  brass  by  the  aid  of  a  little  gum.  It  is  to  be  ob- 
served that  the  smaller  the  drop  of  glass,  the  more  globular  it 
will  remain,  and  consequently  possess  greater  magnifying 
powers. 

WATER  LBN 818. 

Temporary  microscopes  of  considerable  distinctness  may  b* 
Tery  easily  made,  by  piercing  a  hole  about  the  size  of  a  pin's 
head  in  a  piece  of  brass,  and  carefully  placing  a  minute  drop 
of  water  on  the  hole,  where  it  will  assume  a  globular  shape. 
These  lenses,  as  may  be  imagined,  are  very  easily  rendered 
useless,  being  affected  by  the  slightest  movements. 


THE   PRI8MATIC   COLOR8. 

Our  young  readers  will  find  these  three  experiments  upon  the 
colors  in  a  ray  of  light  of  great  interest  and  beauty. 

Close  the  shutters  of  a  room  into  which  the  sun  is  shining, 
and  so  exchange  midnight  gloom  for  meridian  brightness ;  and 
if  there  is  not  an  aperture  in  the  shutters,  then  bore  a  little 
one.  Hold  a  prism  at  a  short  distance  from  the  aperture,  so  as 
to  allow  the  slender  stream  of  sunlight  to  pass  through  and  be 
decomposed  by  it ;  when,  instead  of  a  little  round  spot  on  the 
opposite  wall  of  the  room,  an  oblong  image  will  be  displayed, 
consisting  of  the  seven  colors  of  the  rainbow,  red,  orange,  yel- 
low, green,  blue,  indigo,  and  violet.  This  image  is  called  the 
solar  spectrum. 

If  the  hole  in  the  shutter  is  exceedingly  small,  and  no  prism 
is  employed,  then  only  four  colors  are  evident;  and  these  are 
red,  green,  yellow,  and  violet. 

The  above  experiments  show,  by  decomposition,  that  light  is 
of  a  compound  nature;  and  to  confirm  them  it  is  only  neces- 
sary to  re-compose  the  seven  colors,  and  produce  the  pure  sun- 
light effect,  as  follows  :  — 

Take  another  prism  corresponding  in  every  respect  with  the 
first,  and,  placing  them  both  together,  so  as  to  form  a  parallelo- 
gram, the  seven  rays  will  be  reunited,  and  form  a  single  spot 
of  light.  6       * 

In  concluding  this  brief  sketch  of  the  nature  and  properties 
of  light,  it  will  be  as  well  to  notice  the  structure  of  the  human 
eye,  the  organ  by  which  the  glorious  works  of  the  all-wise 
Creator  are  observed  and  impressed  upon  our  minds.  The 
human  eye  is  formed,  externally,  by  a  hard  membrane  termed 
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tAe  sclerotic  coat*  or  commonly  the  white  of  the  eye  ;  in  the  fore- 
part of  this  coat  there  is  an  opening  called  the  cornea,  from  its 
resemblance  in  texture  to  polished  horn;  the  interior  of  the 
eye  is  lined  with  a  fine  membrane,  the  choroid,  which  round  the 
cornea  is  fringed  by  the  ciliary  processes,  behind  the  iris; 
through  the  centre  of  the  latter,  or  the  pupil,  the  rays  of  light 
pass  into  the  chamber  of  the  eye.  The  crystalline  humor  or 
lens,  which  is  in  form  like  a  doubly  convex  lens,  is  situated 
among  the  ciliary  processes,  and  is  the  immediate  instrument 
of  vision,  as  it  conveys  the  light  from  the  pupil  to  a  focus  at 
the  back  of  the  eye.  A  delicate  membrane  called  the  retina, 
which  is  an  expansion  of  the  optio  nerve,  lines  the  back  of  the 
eye,  and  receives  the  images  of  every  object  from  the  crystal- 
line lens,  in  most  exquisite  perfection  and  most  exact  propor- 
tion. There  are  two  humors  for  preserving  the  globular  shape 
of  the  eye,  the  aqueous  and  the  vitreous ;  the  aqueous,  as  its 
name  implies,  is  perfectly  limpid,  and  is  before  the  lens,  imme- 
diately under  the  cornea ;  the  vitreous  fills  the  large  cavity  of 
the  eye,  to  which  it  gives  the  globe-like  form,  and  receives  its 
appellation  from  being  enclosed  in  a  transparent  spongy  struc- 
ture, so  as  to  resemble,  in  some  degree,  molten  glass. 

The  eye  is  in  effect  a  camera  obscura,  in  which  the  refracted 
light  gives  a  very  small  but  brilliant  representation  of  external 
objects. 

OPTICAL    AUGMENTATION. 

Take  a  large  conical-shaped  drinking-glass,  and  put  a  shil- 
ling into  it,  and  fill  it  about  half  full  with  water.  Put  a  plate 
upon  the  top  of  the  glass,  and  turn  it  very  quickly  over,  so 
that  the  water  may  not  escape,  and  a  piece  of  silver  as  large  as 
half  a  crown  will  immediately  appear  in  the  plate,  and  some 
little  way  up  the  glass  another  piece  will  present  itself,  about 
the  size  of  a  shilling.     This  effect  is  caused  by  refraction. 

THE   THAUMATROPE,  OB  WONDER-TURNER. 

The  Thaumatrope  is  an  exceedingly  amusing  toy  of  very 
simple  construction  and  pleasing  effect.  It  is  made  in  the 
following  manner.  Cut  out  a  circular  piece  of  cardboard,  and 
affix  to  it  six  pieces  of  string,  three  on  each  side,  as  delineated 
in  the  margin.  Paint  on  one  side  of  the  card  a  bird,  and 
on  the  other  a  cage,  being  particularly  careful  to  draw  them 
upside-down  to  each  other,  otherwise  the  desired  effect  will 
not  be  produced.  When  showing  the  toy,  take  hold  of  the 
centre  strings  between  the  forefingers  and  thumb  of  each  hand, 
close  to  the  card,  and  twist  or  twirl  the  card  rapidly  round, 
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in  its  cage, 
n  which  this 
pleasing  toy  acts,  is,  lhnt 
[be  imago  of  any  object  re- 
ceived on  the  retina  oroptio 
nerve,  which  is  al  the  buck 
of  the  eye,  is  retained  in  the 
eye  for  about  eight  seconds 
after  the  object  causing  tht 
impression  is  withdrawn: 
consequently,  the  impression  of  the  painting  on  one  side  of  the 
card  is  not  nblitemtad  ere  rlje  painting  on  the  other  aide  is 
brought  before  the  eyo,  and  it  therefore  follows  that  both  sides 
are  seen  at  once.  The  subjects  suited  10  [he  Thaumatrope  are 
very  varied.  Among  oilier1;,  Ihc  following  are  well  calculated 
for  display  ;  ji  jiikrjjler  ilirnwing  up  two  balls  may  be  drawn  on 
one  side  of  a  ciiid,  and  two  bulls  only  on  the  other,  and,  accord- 
ing to  the  pairs  of  strings  employed,  he  will  seem  to  toaa  two, 
rhree,  or  four  balls;  the  body  and  legs  of  a  man  On  ono  side, 
and  his  head  and  arms  on  the  other;  a  candle  and  its  flame;  a 
mouse  and  a  trap;  and  a  horse  and  his  rider:  this  last  is  a 
very  good  one,  as  by  using  the  different  pairs  of  strings  the 
relative  positions  of  man  and  horse  may  be  varied  most  singu- 
larly. 


This  is  a  most  amusing  instrument,  and  its  principle  resem- 
bles (he  thaumatrope,  its  effect  depending,  like  that,  upon  the 
continuance  of  the  image  of  an  object 
upon  the  retina.     It  consists  of  a  disk 
made  of  stout  cardboard,   upon   which, 
toward  the  edge,  a  series  of  figures  in 
eight     or    ten     different    positions    is 
painted :  thus,  if  it  be  wished  to  proiiucs 
the  illusion  of  a  man  running,  the  first 
position  should  be  quiescent,  standing 
upright,  the  lecond  advancing  forward  a 
little,  the  third  stepping  out  still  mure, 
and  so   on   to  the   sixth   figure,   which 
should  be  drawn  as  if  running  at   full 
ing  attitudes  should   show  the  person  gra- 
returning   to   the   first  quiet   attitnde.     Between  each 
slit  must  be  made  about  three-quarters  of  an  inch  in 
and  a  quarter,  or  less,  in  widtb,   running  in  a  parallel 
ni:  ■.:.-,.  iii  of  Hits  liifik.  and  eiicuiliiijr  10  an  equal 
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distance  from  the  centre,  as  in  the  illustration.  The  disk  when 
completed  should  be  put  upon  a  handle,  as  in  the  annexed 
figure.  No.  1  shows  a  little  nut,  which  must  be  unscrewed  ere 
the  disk  can  be  placed  on  its  axis,  and  which  keeps  it  in  its 
proper  place,  so  that  it  cannot  lean  forward  and  spoil  the  ex- 
periment; 2  is  the  disk,  and  3  is  a  nut  fixed  to  the 
axis  by  which  the  rotatory  motion  is  given  to  the  disk. 
When  trying  the  effect  of  this  instrument,  stand  before 
a  looking-glass,  and  hold  the  painted  face  of  the 
machine  toward  the  glass ;  cause  it  to  revolve  on  its 
axis,  and  look  through  the  slits,  when,  instead  of  be- 
holding a  mass  of  confusion,  as  might  naturally  be  ex- 
pected, and  as  would  undoubtedly  be  the  case  were 
the  disk  viewed  in  the  ordinary  way,  the  figures  will 
seem  to  be  running  as  fast  as  possible,  and  with  very 
natural  movements,  their  velocity  being,  of  course,  pro- 
port  ion  eel  to  the  rate  at  which  the  disk  is  impelled. 
The  number  of  subjects  adapted  for  this  species  of  ex- 
hibition is  considerable,  and  if  they  are  well  drawn 
they  may  be  made  the  source  of  much  merriment. 
Especial  care  must  be  taken,  when  drawing  them,  to  Fig.  55. 
make  the  figures  correspond  exactly  with  each  other 
in  shape  and  depth  of  tone,,  as  much  of  the  good  effect  of  the 
display  depends  upon  their  accuracy  in  these  particulars. 


i 
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OPTICAL   DECEPTIONS. 

Faraday  has  shown  that  if  two  equal  cog-wheels  be  cut  out 
of  cardboard,  placed  upon  a  pin,  and  turned  round  with  equal 
velocity  in  opposite  directions,  instead  of  producing  a  hazy  tint, 
as  one  wheel  would  do,  or  even  as  the  two  would  if  revolving 
jn  the  same  direction,  there  is  presented  an  extraordinary 
appearance  pf  a  fixed  wheel.  Again,  if  one  moves  somewhat 
faster  than  the  other,  then  the  spectral  wheel  appears  to  move 
slowly  round ;  if  the  cogs  be  out  slantwise  on  both  wheels,  the 
spectral  wheel,  in  like  manner,  exhibits  slant  cogs  ;  but  if  one 
of  the  wheels  be  turned  so  that  the  cogs  shall  point  in  opposite 
directions,  then  the  spectral  wheel  has  straight  cogs.  If 
wheels  with  radii  or  arms  be  viewed  when  moving,  then  similar 
optical  deceptions  appear ;  and  though  the  wheels  move  ever 
so  fast,  yet  the  magic  of  a  fixed  wheel  will  be  presented, 
provided  they  move  with  equal  velocities.  If  they  overlap 
each  other  in  a  small  degree,  then  very  curious  lines  will  be 
seen. 

Perhaps  the  most  striking  deception  is  the  following.  A 
pasteboard  wheel  has  a  certain  number  of  teeth  or  cogs  at  its 
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edges  ;  ft  Utile  nearer  the  centre  is  a  series  of  apertures  re- 
sembling the  cogs  in  arrangement,  hut  not  (he  same  in  number; 
and  still  nearer  the  centre  is  another  aeries  of  apertures,  dif- 
ferent in  number,  and  varying  from  the  former.  When  this 
wheel  ia  fitted  upon  an  aile,  its  face*  held  two  or  lliree  yards 
from  an  illuminated  mirror,  and  spun  round,  the  cogs  disap- 
pear, and  a  grayish  belt,  three  inches  broad,  lieceiues  risible; 
bul,  on  looking  at  the  glass  through  the  moving  wheel,  appear- 
ances entirely  change  :  one  row  of  cogs  appears  as  fiieJ  as  if 
the  wheel  were  not  moving,  while  the  other  (wo  give  an 
opposite  result  t  shifting  the  eye  a  little,  other  and  new  ap- 
pearances are  produced. 

With  the  two  wheels  mentioned  in  the  first  experiment,  if 
only  one  is  turned  in  the  sunlight,  a  shndow  cor  re?  ponding  to 
its  appearance  will  be  produced;  tut  if  both  are  turned  in  op- 
posite directions,  the  shadow  is  no  longer  uniform,  bul  lias  light 
and  dark  alternately,  and  resembles  the  shadow  of  a  fixed  wheel. 


B     tyei 


Put  on  a.  piece  of  white  paper  a  circular  piece  of  bine  silk, 
of  about  four  inches  diameter;  next  place  on  the  blue  silk  a 
circular  piece  of  yellow,  of  three  inches  diameter;  on  thai  a 
oircle  of  pi  nit,  two  inches  in  diameter  ;  on  that  a  circle  of  green, 
one  inch  in  diameter;  then  one  of  indigo,  half  on  inch  in 
diameter;  and  finish  by  making  a  small  speck  of  ink  in  the 
centre.  Place  it  in  the  sunshine,  look  on  the  central  point 
steadily  for  a  minute  or  two,  and  then,  closing  your  eyes,  and 
applying  your  hand,  at  about  an  inch  from  them,  an  as  to  pre- 
vent too  much  light  from  passing  through  Ibe  eyelids,  you  will 
see  the  most  beautiful  circles  of  colore  the  imagination  can  con- 
ceive, differing  widely  from  the  colors  of  the  silks,  and  also 
adding  to  the  richness  of  the  experiment  by  changing  in  kaleido- 
scopic variety. 


dive  a  ring  to  any  person,  or  put  it  at  a  little  distance,  in 
ruch  a  position  that  the  plane  of  it  shall  be  turned  toward  bil 
face,  and  then  desire  him  to  shut  one  of  his  eyes  and  endeavor 
to  push  a  crooked  stick  through  the  ring  :  to  his  surprise,  he 
will  seldom  succeed.  The  reason  is  evident:  being  unaceus- 
one  eye  only,  he  cannot  judge  of  the  distance 
eorrectly,  and,  of  course,  errs ;  but  a  person  having  only  one 
eye  would  not  fail  of  achieving  the  trick. 
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INTERESTING   EXPERIMENT  WITH   RATS   OF   LIGHT. 

Make  a  small  hole  in  a  stout  piece  of  pasteboard,  and  set  the 
piece  upright  on  a  table  in  front  of  two  or  three  candles  placed 
near  together ;  lay  a  sheet  of  paper  on  the  table,  and  the  rays 
from  the  different  candles  passing  through  the  hole  will  form 
as  many  spots  of  light  as  there  are  candles, — each  spot  being 
perfect  and  distinct.  This  experiment  proves  that  the  rays  of 
light  do  not  obstruct  each  other  in  their  progress,  although  all 
eross  in  passing  through  the  hole. 
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Fig.  58.— The  Origin  i 


ilstn  (puge  626). 


The  primary  object  of  the  very  elementary  aqientific  articles 
in  this  work  is  to  eicite  curioiify  in  the  youthful  mind,  so  as  to 
induce  it  desire  to  read  and  study  more  extended  and  complete 
worka  on  the  various  suhjecta  to  which  they  relate.  The  vast 
increase  of  knowledge  derived  from  actual  experiments  with 
electricity,  magnetism,  and  elect ro-mnguel ism  precludes  the 
idea  of  giving  a  complete  description  of  all  the  varied  pheno- 
mena in  these  branches  of  the  science  :  brevity  and  simplicity 
have  therefore  been  specially  studied  in  the  following  experi- 
ments, which  may  be  very  appropriately  prefaced  with  a  glance 
at  the  historical  connections  of  these  imponderable  agents. 

The  exact  nature  of  Electricitv  has  not  been  ascertained; 
but  it  is  considered  a  highly  subtle  and  elastic  fluid.  Its  name 
Is  derived  from  the  Greek  word  tltclrnn,  signifying  amber,  on 
which  substance  some  of  its  effects  were  first  observed.  The 
nnme  of  the   person  in  whom  we  owe  the  earliest   notice  of  the 
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property  of  amber,  when  rubbed,  to  attract  and  repel  light 
bodies,  has  not  been  handed  down  to  posterity ;  but  it  is  said 
that  Thales,  a  philosopher,  born  at  Miletus  in  Asia  Minor,  who 
flourished  600  years  before  Christ,  and  was  considered  one  of 
the  first  of  the  seven  sages  of  Greece,  described  this  remarkable 
phenomenon.  It  was  also  mentioned  by  another  Greek  author, 
821  years  b.o.  ;  but  the  ancients  did  not  profit  by  the  discovery, 
and  the  gleanings  of  the  science  were  very  feeble  until  the  six* 
teenth  century  of  our  era,  when  Dr.  Gilbert  of  Colchester  ap- 
plied the  principles  of  philosophical  investigation  to  the  obser- 
vations of  the  ancients. 

Electricity  is  one  of  the  most  active  principles  in  nature. 
It  exists  in  all  bodies,  and  is  exhibited  by  various  means, — one 
of  which,  and  the  most  generally  employed,  is  friction.  Some 
substances,  suck  as  soot,  charcoal,  iron,  gold,  silver,  copper, 
and  other  metals,  water,  &c,  are  called  good  conductors,  be- 
cause they  transfer  with  great  facility  to  other  bodies  the 
electric  fluid,  which  glides  over  their  surfaces  with  the  velocity 
of  light;  whilst  others,  such  as  silk,  wool,  hair,  feathers,  dry 
paper,  leather,  glass,  wax,  &c,  are  called  non-conductors,  be- 
cause they  resist  the  progress  of  the  fluid,  which  accumulates 
all  the  time  the  friction  continues.  It  is  from  these  media  that 
the  usual  phenomena  of  frictional  eleotrioity,  as  exhibited  in 
the  experiments  which  we  shall  hereafter  describe,  are  obtained. 
Its  effects  are  felt  in  almost  every  part  of  nature ;  the  awful 
lightning  is  the  exhibition  of  the  electric  fluid,  which  accumu- 
late* in  the  clouds,  and  which  is  discharged  when  the  heavy 
lurid  masses  come  in  contact  with  each  other ;  the  mysterious 
sweeping  whirlwind,  the  terrific  rising  and  roiling  of  the  sand 
in  the  desert  wilds  of  Africa,  the  waterspouts,  and  the  beauti- 
ful and  evanescent  aurora  borealis  of  the  northern  climes,  are 
among  a  few  of  the  effects  attributed  to  it. 

The  next  branch  of  the  science  of  electricity  is  Galvanism, 
or,  as  it  is  sometimes  called,  Voltaic  Electricity :  it  is  obtained 
chiefly  by  chemical  action,  and  is  said  to  have  been  first  dis- 
covered at  Bologna  in  the  year  1791,  by  the  lady  of  Louis  Gal- 
vani,  an  Italian  philosopher  of  great  merit  and  professor  of 
anatomy,  and,  indeed,  from  whom  the  science  received  its  name. 
His  wife,  being  possessed  of  a  penetrating  understanding  and 
passionately  loving  him,  took  a  lively  interest  in  the  science 
which  so  much  occupied  his  attention.  At  the  time  the  inci- 
dent we  are  about  to  narrate  took  place,  she  was  in  a  declining 
state  of  health,  and  using  soup  made  of  frogs  by  way  of  resto- 
rative. Some  of  these  animals,  skinned  for  the  purpose,  hap- 
pened to  be  lying  on  the  table  of  his  laboratory,  where  also 
atood  an  electrical  machine :  the  point  of  a  knife  was  nninten* 
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tionally  brought  into  contact  with  the  nerves  of  one  of  tit 
fr.ig'a  li^s  which  l;i  v  clusi-  in  i  lie  On  nil  u  i:  lor  of  I  be  runchiae,  suu 
Immediately  the  muscles  of  the  limb  were  violently  ugilnloil 
Madame  Galvani.  baling  observed  the  phenomenon,  in  stand) 
inl'iii-iNfl  ln'r  liii.-liiiiid  .if  ir.  nuii  i liis  incident  led  to  tho  eipeti- 
nienta  and  interesting  discoveries  which  will  transmit  his  mum 
to  the  latest  posterity.  It  is  proper  to  state  thai  thissomewhil 
romantic  story  is  denied  by  s.ime  historians  of  ihe  seienee. 

The  uses  of  galvanic  or  voltaic  eleclrieity  for  scientific  pur- 
poses are  incalculable,  and  its  phenomena  are  bo  various  anil 
extraordinary  as  to  render  the  sludy  of  this  science  exceed- 
ingly interesting.  Ily  rim  in  a  of  a  galvanic  buttery  substance" 
are  decomposed,  colors  changed,  water  is  decomposed,  anil 
motion  is  given  to  lifeless  bodies. 

The  experiments  we  give  on  galvanism  show  the  effect  of  toe 
combination  which  forms  what  is  called  a  simple  (.•;ilmnic  circle, 
by  means  of  two  metals,  zinc  and  silver,  or  zinc  and  copper, 
and  water  mixed  wiih  sulphuric  acid. 

Galvanic  action  is  always  accompanied  by  chemical  action; 
and  all  that  is  necessary  to  disturb  the  galvanic  or  voltaic 
electrici'y  i-  to  unite  tun  ineinlc  ingeihcr.  and  subject  I  hem  to 
the  action  of  a  fluid  which  will  act  chemically  upon  one  of  them 
more  powerfully  than  upon  the  other. 

A  galvanic  circle  nuiy  also  be  formed  of  one  metal  and  two 
fluids  which  have  a  different  action  upon  the  metal  employed. 

least  there  is  sufficient  evidence  that  these  causes  are  inti-  i 
mately  connected,  if  not  identical ;  but  philosophers  are  as  yet 
ignorant  of  its  nature.  It  is  equally  unknown  the  exact  time  \ 
when,  and  the  country  where,  the  property  of  the  magnet  was 
first  considered.  The  Greeks  of  the  lime  of  Pythagoras  were 
acquainted  with  its  properly  of  attracting  metals.  It  was  also 
familiar  to  the  Arabs  and  the  Indians,  and  the  Chinese  from 
the  earliest  ages  have  known  its  polarity  ordireclive  power,  the 
needle  being  employed  among  them  one  thousand  years  before 
Christ  to  direct  travellers  by  land.  In  Europe,  a  Neapolitan, 
named  Flavio  Gioia,  who  lived  in  the  thirteenth  century,  baa 
been  regarded  by  many  as  the  inventor  of  the  mariner's  com- 
pass ;  but  it  was  in  use  in  the  eleventh  century  in  Iceland,  as 
is  confirmed  by  the  historian  Arc  Frode,  who  wrote,  abiut  that 
time,  the  history  of  the  discovery  of  his  country,  and  who 
speaks  of  the  mariner's  compass  in  very  definite  terms,  and 
thus  indirectly  shows  that  it  was  employed  or  invented  nearly 

early  ns  the  tenth  century. 

The  property  designated  by  the  word  "magnetism"  is  found  in 
of  a  certain  composition,  and  of  a  dark-gray  color 
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and  peculiar  lustre.  This  ore  alone  is  the  natural  local  habi- 
tation of  magnetism,  whilst  others  are  subject  to  its  influence 
or  attracted  by  it. 

This  singular  property  of  the  lpadstone  is  imparted  to  iron 
and  steel  by  rubbing  and  keeping  them  close  together  for  some 
length  of  time.  The  steel  retains  the  magnetic  principle  per- 
manently ;  but  iron  loses  the  power  as  soon  as  it  is  separated 
from  the  magnet.  The  steel  thus  prepared  acquires  the  same 
directive  and  attractive  power  as  the  loadstone  or  natural  mag- 
net, and  is  employed  for  purposes  of  the  utmost  importance. 

We  proceed  to  give  the  youthful  amateur  the  opportunity  of 
exemplifying  the  principles  of  electricity,  galvanism,  and  mag- 
netism, by  several  interesting  and  simple  experiments. 

8IMPLB    MEANS    OF   PRODUCING   ELECTRICITY. 

To  show  the  nature  of  electrical  action,  rub  a  piece  of  seal- 
ing-wax or  amber  upon  the  coat-sleeve,  and  it 
will  be  found  that  while  warm  by  the  friction  it 
attracts  light  bodies,  such  as  straws  or  small  pieces 
of  paper.  If  a  clean  glass  tube  be  rubbed  several 
times  through  a  silken  or  leather  cloth,  and  presented 
to  any  small  substances,  it  will  immediately  attract 
or  repel  them  *  and  if  a  poker  suspended  by  a  dry 
silk  string  be  presented  to  its  upper  end,  then  the 
lower  end  of  the  poker  will  exhibit  the  same  phe- 
nomena as  the  tube  itself, — which  shows  that  the 
electrical  fluid  passes  through  the  metal.  But  if 
for  a  metallic  body  a  stick  of  glass  or  sealing-wax 
be  substituted,  these  phenomena  will  not  occur, — 
which  proves  that  the  electrical  fluid  does  not  pass 
through  these  substances. 

By  this  it  will  be  perceived  that  besides  the  class  of  bodies 
called  electrics,  there  is  another  which  we 
call  conductors.  These  bodies  cannot  be 
excited  themselves,  but  have  the  power  of 
transmitting  the  electric  fluid  through 
them.  These  bodies  comprise  all  the 
metals,  some  metal  and  metallic  ores ;  the 
fluids  of  animal  bodies,  water,  and  other 
fluids,  except  oil,  ice,  snow,  earthy  sub- 
stances, smoke,  steam  ;  and  even  a  vacuum. 

When  any  electrified  conductor  is  wholly 
surrounded  by  non-conductors,  so  that  the 
electric  fluid  cannot  pass  from  the  conduc- 
tor along  conductors  to  the  earth,  it  is  said 
to  be  insulated :  thus,  the  human  body  is  a 
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Fig.  57. 


Fig.  58. 
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r  *f  ♦Sw-iricity ;  but  if  a  person  standing  on  a  glaw 
^  -«rttf*nted  in  the  drawing)  be  charged  with  elec- 
^■"^•v  a*  *w<v*ric  fluid  cannot  pass  from  him  to  the  earth, 
,1"1?  w  *  "*^  ,0  °*  Positiv£ly  electrified,  because  he  has  more 
*m:  hi*  *•»»«!  shar*;  he  is  also  insulated,  and,  if  he  be 
r***|  p  w  >^u)>Pr  person  standing  on  the  ground,  sparks  will 
'  ******  **  ,ne  Point  of  contact,  where  also  the  person 
J^h^  ^T.  fiwl  a  pricking  sensation. 


ATTRACTION    AND    REPULSION    EXHIBITED. 

}*  <*fcr  to  illustrate  certain  remarkable  facts. in  this  science, 
.       **u*ing  character,  attention  must  be  directed  to  the 
figure  a  b,  which  is  a  metal  stand;    c  is  a 
v-  \     small  piece  of  cork  or  pith,  which  is  suspended 

I  L    from  the  hook  by  a  dry  silken  thread.     Having 

*  V    rubbed  an  electron,  as  a  dry  rod  of  glass,  and 

presented  it  to  c,  the  ball  will  be  instanta- 
neously attracted  to  the  glass  and  will  adhere 
to  it.  After  remaining  in  contact  for  a  few 
seconds,  if  the  glass  be  withdrawn  without 
being  touched  by  the  fingers,  and  again  pre- 
sented to  the  ball,  the  latter  w  u\  be  repelled, 
instead  of  attracted,  as  in  the  first  instance. 
"^  Uy  being  touched  with  the  finger,  the  ball  can 

0  be  deprived  of  its  electricity,  and  if  after  this 

~  has  been  done  we  present  a  piece  of  sealing- 

^.v  u  place  of  the  glass  formerly  employed,  the  very  same 
•jm  »^-ttona  will  take  place.  On  the  first  application  the  ball 
v.i  v  Attracted,  and  on  the  second  repelled. 

3Kt\ir«  the  young  reader  can  perform  any  very  important 
ti^cviiuents  with  electricity,  he  must  become  possessed  of  an 
m,vC**ii'al  machine,  which  is  an  instrument  contrived  for  the 
•*i*M*  of  rubbing  together  the  surfaces  of  electrics  and  non- 
>Cv*ios.  They  generally  consist  of  a  cylinder,  or  plate  of 
•sws.  and  a  piece  of  silk  for  it  to  rub  against,  covered  with  an 
^frjjWkUi,  the  method  of  preparing  which  we  shall  hereafter 
rib*. 


v., 


HOW   TO    MAKE    AN    ELECTRICAL    MACHINE. 

\i  is*  very  easy  to  make  a  glass  machine  of  the  cylindrical 
•«u*»  if  the  maker  cannot  afford  to  buy  one.  First  procure  a 
vjiuion  wine-bottle  of  good  dimensions  and  thickish  gla<?s. 
»»il  it  hole  through  its  bottom,  by  igniting  a  piece  of  worst <nl 
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tied  round  it  dipped  in  turpentine,  which  will  do  this.  Through 
this  hole  and  the  mouth  pass  a  spindle,  as  represented  in  the 
cut.  The  end  of  b  should  be  squared  to  fix  a  handle  on,  and 
the  spindle  should  be  fixed  firmly  in  the  bottle.     The  bottle  is 


Fig.  60. 

then  to  be  fixed  in  a  frame  in  the  following  manner:  the  end 
of  the  spindle  passes  through  a  hole  at  B ;  and  the  other  end 
at  o  has  the  handle  for  turning  the  machine. 


Fig.  61. 

Next  make  a  cushion  of  wash-leather  stuffed  with  wool,  and 
.fastened  to  the  top  of  a  frame  of  the  following  figure.  This 
frame  is  to  be  of  such  a  height  that  the 
eushion  shall  press  against  the  sides  Of  the 
.bottle,  and  a  piece  of  black  silk  is  sewn  on  to 
the  top  of  the  cushion,  and  hangs  over  the 
bottle  d.  The  cushion  should  be  smeared 
With  an  amalgam,  formed  by  melting  together 
in  the  bowl  of  a  tobacco-pipe  one  part  of  tin 
with  two  of  sine,  to  which,  while  fluid,  should 
be  added  six  parts  of  mercury.  These  should 
be  stirred  about  till  quite  cold,  and  then  reduced  to  a  fine  pow- 
der in  a  mortar,  and  mixed  with  a  sufficient  quantity  of  lard  tt 
form  a  thickish  paste.  When  all  is  done,  the  machine  is  com- 
plete. 


Fig.  62.— Cushion. 


THE    CONDUCTOR. 


The  electricity  being  generated  by  the  friction  produced  be- 
tween the  rubber  and  the  bottle  from  the  motion  imparted  by 
the  handle,  it  is  necessary  to  draw  it  off  for  u.«e.     This  is  per- 
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formed  hj  whit  is  called  a  conductor.  This  is  mule  is  tin 
following  manner.  At  right  angles  to  one  end  of  a  cylinder  of 
wood  obout  two  inches  and  a  half  in  diameter  and  ail  iiwhtJ 
long,  fii  a  small  wooden  cylinder  about  three- quart  en  of  u 
inch  in  diameter  and  three  inches  long,  rounded  at  both  endi 
The  other  end  of  the  larger  cylinder  is  also  to  be  rounded- 
Cover  the  whole  with  tinfoil,  and  mount  it  on  a  stand  on  ■ 
glass  rod.  When  used,  it  Is  lo  be  placed  with  the  even  piee* 
in  a  line  even  with  and  about  half  an  inch  from  the  bottle,  ssd 
It  should  be  of  such  a  height  as  to  come  jnsl  below  the  sift 
apron.  When  it  is  wished  to  charge  a  Ley  den  jar,  it  is  to  b« 
placed  at  the  round  end  of  the  conductor.  By  these  simple 
means  a  great  variety  of  pleasing  experiments  may  be  per' 
formed;  but,  to  show  the  various  phenomena  connected  wit! 
this  interesting  study,  we  shall  now  describe  an  electrical 
machine  of  the  newest  construction,  and  perform  our  experi- 
ment ■  with  it. 


Till   PLATE    ELBOTK1CAI. 

Formerly   the   electrical  machine  was  made  In  the  form  of 

a  cylinder,  but  now  it  consists  of  a 

plate,  A,  as  Been   in   (he  engraving. 

The   plate   is   turned  by  the  handle 

F   through    the    rubber   b    b,   which 

diffuses  the  excitement  over  the  glass. 

The  points  or  balls  at   each  side  of 

the  plate  carry  off  a  constant  stream 

of  positive   electricity   to  the  prime 

conductor  c.      Negative   electricity  is 

generated  by  insulating  (he  conduc- 

,    tor  to  which  the  cushion  is  attached, 

i  and  continuing  (he  prime  conductor 

into  the   ground,    so   as  to  carry  ofi 

Fig. 63.  the  Quid  collected  from  (he  plate. 


If  the  person  who  works  the  machine  be  supported  on  a  stool 
bavins  P,fl!iS  l°P*  l"lu  connected  with  the  eonduc'or  by  means 
of  ft  ftliiss  rod,  the  electricity  will  pass  from  the  conductor  to 
liini.  nml,  ns  it  ennnot  pet  away,  owing  to  the  glass  on  which  he 
Kl.inds  lieinc  a  non-conductor,  nny  person  on  touching  him  can 
draw  the  electricity  from  him,  which  will  exhibit  itself  in  small 
sparks  as  it  passes  to  (he  person  who  touches  him.  If  touched 
en  the  nose,  sparks  of  fire  will  issue  from  it. 
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A  moat  useful  piece  of  electrical  apparatus  is  culled  the 
Lojdou  jar,  here  represented.  It  is  employed  for  the  purpose 
of  obtaining  a  quantity  of  electricity,  which  ma;  be  applied 
to  any  substance.  It  consists  of  a  glass 
jar,  coated  both  inside  and  without,  four- 
fifths  or'  the  way  up,  with  tinfoil.  A  knob 
rises  through  a  wooden  top  communicating 
with  the  inside  of  the  jar.  When  it  is 
wished  to  charge  the  jar,  this  knob  is  ap- 
plied to  the  prime  conductor  of  the  electrical 
machine  when  in  action,  and,  a  quantity  of 
electricity  being  given  off,  the  jar  will  re- 
main charged  with  it  till  a  connection  is 
made  by  some  goid  conductor  of  electricity 
between  the  knob  and  the  outside  tinfoil. 
A  piece  of  braes  chain  must  hang  from  the 
stem  that  carries  the  knob  and  connect  it  : 
with  the  interior  of  the  jar.  Hg.M. 


If  several  of  these  jars  be  nnited,  an  enormous  quantity  of 
electricity  can  be  collected;  but,  in  arranging  them,  all  the  in- 
terior coatings  must  be  made  to  communicate  by  metallic  rods, 
and  a  similar  union  must  be  effected  among  the  exterior  coat- 
ings. When  thus  arranged,  the  whole  series  may  be  charged 
as  if  the;  formed  but  one  jar. 

For  the  purpose  of  making  a  direct  communication  between 
the  inner  or  outer  coatings  of  a  jar  or  battery  by  which  a  dis- 


instrument  called  a  discharging  rod  is 
9  of  two  bent  metallic  rods,  terminating' 
681 


ITT,   GALVANISM,   AND    MAUNtTltsM- 

an  other  by  a  job!  ■ 

...  and  which,  acting 

r  i>f  compasses,  allows  of  the  bulls  being  separated  at 

aiu  4isianees.      When  opened  to  the  proper  degree,  one  of 

_v»  Sett-  is  made  to  touch  the  eiterior  coating,  and  (he  other 

Ml  a  iheu  brought  into  contact  with  tbe  knob  of  the  jar,  when 

*  ■MfcirEt  is  effected ;  wbile  the  glass  bundle  secures  the  ] 

.   .    Lifing  it .  frijin  the  effect*,  of  the  shock. 


Kg.  M. 


nrlme  conductor  by  a  chain,  and  let  it  hang  about  two  or  three 
inches  from  the  knob.  Place  some  pith-balls  upon  the  bottom 
piece  of  wood  a,  and  bring  it  under  the  other.  Immediately 
this  is  done,  and  the  upper  piece  is  charged  by  electricity  from 
the  machine,  the  pitli-balls  will  jump  up  and  down,  and  from 
one  to  the  other,  with  grent  rapidity.  If  some  of  the  pith  be 
formed  into  little  figures,  they  will  also  dance  and  leap  about  in 
the  most  grotesque  manner.  The  same  may  be  made  to  dance 
by  merely  holding  the  inside  of  a,  dry  glass  tumbler  to  the  prime 
conductor  for  a  fen  minutes,  while  the  machine  is  in  action, 
and  then  whelm  it  oyer  them,  when  they  will  jnmp  about,  to 
the  do  small  astonishment  of  the  spectators,  as  the  Cause  of 
.ons  is  not  quite  so  apparent. 


is  amusing  experiment  is  performed  by  means  of  the  eleo- 
sloo!.    Let  an;  Udy  challenge  a  gentleman  not  acquainted 
i   the  ciperiment   to   favor  her  with  a  salute.     The  ladj 
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thereupon  mounts  the  glass  stool,  and  takes  hold  of  a  chain 
connected  with  the  prime  conductor.  The  machine  being  then 
put  in  motion,  the  gentleman  approaches  the  lady,  and  imme- 
diately he  attempts  to  imprint  the  seal  of  soft  affection  upon 
her  coral  lips,  a  spark  will  fly  in  his  face,  which  generally  de- 
ters him  from  his  rash  and  wicked  intention. 


£ 


RINGING   BELLS. 

Bells  may  be  made  to  ring  by  electricity  in  the  following 
manner.  Let  three  small  bells 
be  suspended  from  a  brass  wire 
d  n,  and  supported  by  a  glass  pil- 
lar a,  passing  through  bell  b  to 
the  bell  e.  The  electrical  appa- 
ratus being  attached  to  the  knob 
e,  the  electricity  passes  down 
the  wires  d  d  to  the  bells, 
which  are  then  positively  elec- 
trified and  attract  the  clappers 
o  o,  that  are  negatively  so,  in 
consequence  of  being  insulated 
by  the  silken  strings,  which  are 
not  conductors.  The  bells  there- 
fore attract  the  clappers  till 
they  are  charged,  when  they  strike  against  the  centre  bell  to 
discharge  themselves,  and  thus  a  peal  is  rung  on  the  bells 
UTitil  the  electricity  is  driven  off. 


9 


'A 


Fig.  09. 


WORKING-POWER   OF   ELECTRICITY. 

This  may  be  shown  in  a  variety  of  ways.  The  subjoined 
machine  will  exhibit  the  principle  upon  which  many  ingenious 
toys  may  be  made  by  the  young 

philosopher.     In  the  figure,  a         6  r 

is  a  wooden  board  or  stand, 

b  b  b  b,  four  pillars  having 

fine  wires,  c  c,  stretched  above. 

On  these  rest  the  rotatory  wire  Fig.  70. 

or  wheel  f,  having  its  points 

turned  the  reverse  ways.     By  means  of  a  chain  attached  to  the 

conductor,  and  to  the  instrument  at  b,  the  electricity  passes 

over  the  pillar  b,  up  the  wire  c,  into  the  wheel,  and  off  at  the 

points,  which  causes  it  to  be  turned  round  on  an  inclined  plane 

till  it  reaches  the  top. 
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While  a  person  is  on  the  electrifttl 
siool,  if  he  be  charged  with  tnnoh  ele> 

"  Ench  hair  will  stand1  on  and, 
Like  quills  upon  the  fretful  jxnvnpiue." 
A  wooden  head — not  your  own,  but  ■ 
real  wooden  head,  with  a  wig  of  stream- 
ing hair,  and  a  handsome  face  to  corre- 
spond—ma;  bo  made  in  the  following 
form,  with  a  wire  in  the  neck  to  sup- 
port it  by,  and  fixed  in  the  conductor  of 
an  electrical  machine.  When  this  is  put 
in  motion,  the  hair  will  rise  up  as  in  tb< 
figure,  to  astonish  even  those  who  art 
seldom  astonished  by  or  deterred  if.'cji 
any  thing. 


erected  two  uprights,  b  k  ;  cc  are 
which  a  silken  cord  can  pull  easily  ;  e  [9  a 
stretched  across  from  one  upright  to  another;  on  these  silken 
cords  I  wo  pieces  of  thin  cardboard,  covered  with  tinfoil,  and  cut 
so  bs  to  represent  chutds,  are  to  be  fixed  horizontally,  and 
made  to  communicate  by  menus  of  thin  «rires,/and^,  one  wilta 
the  inside,  and  the  other  with  the  outside,  of  a  charged  jar,  u. 
Now,  by  pulling  the  loop  of  the  silk  line.  D,  the  cloud  1  will  be 
brought  near  the  cloud  2  ;  continue  this  slowly,  until  the  cloudi 
(which  are  furnished  with  two  small  brass  balls)  are  within  an 
incli  of  each  other,  when  a  beautiful  flash,  strongly  resembling 
lightning  in  miniature,  will  pass  from  one  cloud  to  the  Otherj 
reatoring  electrical  equilibrium. 
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outside  of  the  jar  may  be  iwum  in  water  under  the  remaining 
iloud, — the  mast  being  made  of  separate  pieces,  and  but  aliglitly 
joined  together.  When  the  cloud  is  passed  ever  the  Teasel, 
the  mast  will  be  struck  and  shattered  to  pieces. 


*ig.  11- 


proceed  the  wires  h  h,  one  terminating  in  the  ball  f,  the  other 
in  the  ball  u,  to  which  are  attached  a  number  of  pith  birds  by 
silken  strings ;  e  is  u  shelf  for  the  birds  to  rest  upon ;  c  U  the, 
sportsman ;  o  his  gun. 

586 


To  put  this  operation  in  motion,  the  Leyden  jar  ia  to  ba 
charged  with  electricity  by  affixing  a  chain  10  the  bottom  part 
of  it,  nnd  connecting  it  with  an  electrical  machine  in  the  usual 
manner,  or  by  applying  it  to  a  prime  conductor,  when  the 
birds  will  By  off  the  kuob  to  which  they  are  fixed,  in  conse- 
quence iif  their  being  repdle'l.  11  the  sportsman  and  gun  be 
then  turned  so  that  the  ead  of  hip  gun  shall  touch  the  knob  r, 
an  electric  spark  will  pass  from  one  to  the  other,  a  report  will 
be  heard,  iimi  I  In:  bin!*  will  lull  down  us  if  shot,  in  consequents 
of  the  electricity  having  been  taken  from  the  Leyden  jar. 
There  should  be  a  communication  between  the  sportsman  and 
the  jar,  formed  of  tinfoil,  or  some  metal,  as  shown  by  the  dotted 
\inp  on  the  stand. 


ratch  down  upon  o,  table,  and  on  its  face  balanci 
a  tobacco-pipe  very  carefully. 
Next  take  a  wineglass,  rub  it 
quickly  -with  a  silt  handker- 
chief, and  hold  it  for  half  a 
minute  before  the  fire;  then  ap- 
ply it  near  to  tie  end  of  the 
pipe,  and  the  latter,  attracted 
by  the  electricity  evolved  by 
Kig  7ft.  the  friction  and  warmth  in  the 

former,  will  immediately  follow 
it ;  and  by  carrying  the  glasa  around,  always  in  front  of  the 
pipe,  this  will  continue  its  rotatory  motion,  the  watch-glass 
being  the  centre  or  pivot  on  which  it  acta. 

2.  Warm  a  glass  tub?,  rub  it  with  a  warm  flannel,  and  then 
bring  a  downy  feather  near  it.  On  the  first  moment  of  contact 
the  feather  will  adhere  to  the  glass,  but  soon  after  will  fly 
rapidly  from  it,  and  you  may  drive  it  about  the  room  by  hold- 
ing the  glass  between  it  and  the  surrounding  objects  ;  should 
it,  however,  come  in  contact  with  any  thing  not  under  the  in- 
fluence of  electricity,  it  will  instantly  fly  back  to  the  glass. 

3.  A  stick  of  sealing-wax  rubbed  against  a  warm  piece  of 
flannel  or  cloth  acquires  the  property  of  attracting  light  sub- 
stances, such  as  small  pieces  of  paper,  lint,  4c,  if  instantly 
applied  at  the  distance  of  about  an  inch. 

k  4.  Suspend  two  small  pith  balls,  by  fine  silken  threads  of 

m       about  six  inches  in  length,  in  such  a  manner  that  when  at  rest 
K       they  may  hang  in  contact  with   each  other:   on   applying  a 
■      piece  of  sealing-wax  excited  as  in  the  former  experiment,  they 
K      will  repel  each  other. 
^K  t>3fi 
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5.  Take  a  piece  of  common  brown  paper  about  the  size  of  an 
octavo  book,  hold  it  before  the  fire  till  quite  dry  and  hot,  then 
draw  it  briskly  under  the  arm  several  times,  so  as  to  rub  it  on 
both  sides  at  once  by  the  coat.  The  paper  will  be  found  so 
powerfully  electrical  that  if  placed  against  a  wainscotted  or 
papered  wall  of  a  room  it  will  remain  there  for  some  minutes 
without  falling. 

6.  And  if,  while  the  paper  adheres  to  the  wall,  a  light  fleecy 
feather  is  placed  against  it,  it  will  be  attracted  to  the  paper  in 
the  same  way  as  the  paper  is  attracted  to  the  wall. 

7.  If  the  paper  be  again  warmed  and  drawn  under  the  arm 
as  before,  and  hung  up  by  a  thread  attached  to  one  corner  of 
it,  it  will  hold  up  several  feathers  on  each  side ;  should  these 
fall  off  from  different  sides  at  the  same  time,  they  will  cling 
together  very  strongly,  and  if  after  a  minute  they  are  all 
shaken  off,  they  will  fly  to  one  another  in  a  very  singular 
mftnner. 

8.  Warm  and  excite  the  paper  as  before,  lay  it  on  a  table, 
and  place  upon  it  a  ball  made  of  elder-pith  about  the  size 
of  a  pea ;  the  ball  will  immediately  run  across  the  paper,  and, 
if  a  needle  be  pointed  toward  it,  it  will  again  run  to  another 
part,  and  so  on  for  a  considerable  time. 

9.  Support  a  pane  of  glass,  previously  warmed,  upon  two 
books,  one  at  each  end,  and  place  some  bran  underneath ;  then 
rub  the  upper  side  of  the  glass  with  a  black  silk  handkerchief, 
or  a  piece  of  flannel,  and  the  bran  will  dance  up  and  down 
under  it  with  much  rapidity. 

10.  Arrange  two  tumblers  (which  must  be  perfectly  dry  and 
warm)  on  a  table,  in  an  inverted  position ;  bridge  them  over 
with  a  common  pane  of  window-glass,  also  clean  and  dry.  If 
the  centre  of  the  pane  of  glass  be  rubbed  with  a  stick  covered 
with  a  silk  handkerchief,  and  some  pieces  of  cut  paper  are 
placed  on  a  tin  box  just  under  the  glass,  they  will  exhibit  elec- 
trical attraction  and  repulsion. 

ELECTRICAL    MACHINES 

Are  nothing  more  than  extended  surfaces  of  glass  provided 
with  simple  means  of  being  rubbed  when  turned  by  a  proper 
handle;  and  one  of  the  cheapest  and  most  entertaining  in- 
struments for  obtaining  frictional  electricity  is  the  electro - 
phorus,  and  particularly  the  instrument  as  manufactured  and 
described  by  Mr.  Lewis  M.  Stewart,  of  the  City  of  London 
School. 
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EXCITATION   Or  THE   ELECTBOPHOBUS. 

Beat  b,  the  resinous  plate,  smartly  with  a  Yery  dry  piece 

of  flannel,  and  hold  it  closelj 
before  a  pith  ball  placed  on  d; 
the  pith  ball  will  be  attracted, 
or  any  other  light  substance. 

ILLUSTRATION   OF   CONDUCTORS. 

After  exciting  the  resinous 
plate  b,  place  b  c  upon  a  table, 
and  a  upon  b  c,  and  connect  the 
plate  a  with  the  table  d  by  means 
of  a  fine  wire  ;  upon  touching  a 
with  the  finger,  and  then  re- 
moving it  from  b,  both  a  and© 
will  be  electrified,  provided  •  the 
fine  wire  has  not  touched  the 
table  or  any  other  conducting 
body. 

ILLUSTRATION    OF    NON-CONDUC- 
TORS. 


Fig.  76. — Stewart's  electrophorus. 

a.  Brass  plate  provided  with  a 
glass  handle,  and  wire  with  pith 
ball  attached  by  a  thread. 

B.  The  resinous  plate. 

c.  The  brass  or  tin  dish  contain- 
ing the  resinous  plate,  also  pro- 
vided with  a  pith  ball. 

D.  The  lower  plate,  supported  on 
a  glass  leg,  with  a  wooden  foot, 
and  forming  a  convenient  insu- 
lating stand. 


Connect  the  wire  with  the  glass 
handle  of  a,  and  proceed  as  be- 
fore ;  the  plate  i>  will  not  be  eleo- 

trified,  as    the  glass,  representing  a  part   of  the   connecting 

chain,  is  a  non-conductor  of  electricity. 


EFFECT    OF    POINTS. 


Electrify  a,  and  the  little  pith  is  repelled;  if  a  point,  suoh 
as  a  needle,  is  now  brought  to  a,  the  pith  gradually  falls. 


EFFECT   OF    BALLS. 

Electrify  a,  and  present  a  round  brass  ball  to  it ;  the  repelled 
pith  ball  does  not  drop,  provided  the  spark  does  not  pass. 

With  this  electrophorus  arrangement  nearly  every  fact  in 
frictional  electricity  shown  by  more  expensive  and  elaborate 
apparatus  may  be  displayed  ;  and  it  is  certainly  one  of  the  best 
instruments  for  class-instruction,  as  the  resinous  plate,  when 
•uce  thoroughly  excited,  will  remain  in  action  for  many  hours- 
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1.  Place  a  thin  plate  of  line  upon  the  upper  surface  of  (he 
tongue,  And  a  half-crown  or  a  piece  of  silver  on  the  under  sur- 
face. Allow  the  metals  to  remain  for  a  little  time  In  contact 
with  the  tongue  before  they  arc  made  'o  touch  each  other,  ihat 
the  taste  of  the  metals  themselves  may  not  he  confounded  with 
the  sensation  produced  by  their  contact.  When  the  edges  of 
the  melala  which  project  beyond  the  tongue  are  then  suffered 
to  touch,  a  galvanic  sensation  is  produced,  which  it  Is  difficult 
accurately  to  describe. 

2.  Place  a  silver  teaspoon  as  high  as  possible  between  the 
e  between  the  gums 
nili"S  of  the  metals 

into  coutact,  a  wry  vivid  sensation,  and  an  effect  like  ft  flash 
of  light  across  the  eyes,  will  be  perceived.     It  is  singular  thai 
this  light  is  equally  vivid  in  the  dark  and  in  the  strongest  light, 
and  whether  the  eyes  be  shut  or  open. 
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S.  Take  a  piece  of  copper  of  about  six  inches  in  width,  mJ 
put  upon  it  a  piece  of  line  of  rather  smaller  diment-ioni,  in- 
sorting  a  piece  of  cloth  damped  with  dilute  sulphuric  skl id.  of 
the  sume  site  as  the  line,  between  them;  place  a  leech  upon 
the  piece  of  lino,  and,  though  there  appears  nothing  to  hinder 
it  from  crawling  away,  jet  it  will  hardly  pass  from  the  liic  to 
the  copper,  because  as  soon  as  its  damp  body  touches  the  cop- 
per it  receives  a  galvanic  shock,  and  of  course  retires  to  Ui 
resting-place,  the  tine. 

',  Plunge  an  iron  knife  into  a  solution  of  sulphate  of  copper 
"on  only  it  '"  ' 
e  In  the  si 
platinum,  taking  c 
position  of  copper  will  take  place  upon  it;  but  if  the  upper 
ends  of  the  metals  are  brought  into  contact  with  each  other,  i 
copious  deposition  of  copper  will  soon  settle  upon  the  platinum 

WITH    XITAL   FLATCB    IN   WATIK. 

If  we  take  two  plates  of  different  kinds  of  metal,  platinum  or 
copper,  and  zinc,  for  example,  and  immerse  them  in  pure 
water,  haviug  wires  attached  to  them  shore,  then  if  the  wire 
of  each  is  brought  into  contact  in  another  Teasel  of  water,  s 
galvanic  circle  will  be  formed,  the 
water  will  be  slowly  decomposed, 
its   oxygen   will   be   fixed  on   the 

current  of  electricity  will  be  trans- 
mitted through  (he  liquid  to  the 
platinum  or  copper  wire,  on  the  end 
of  which  the  other  element  of  wa- 
ter—namely, the  hydrogen— will 
ninke  its  appearance  in  the  form  of 
minute  gas-bubbles.  The  electri- 
cal current  passes  back  again  into 
HB.  is.  the  zino  at  the  points  of  its  contact 

with  the  platinum,  and  thus  a  con- 
tinued current  if  kept  up,  and  hence  it  is  called  a  galvanic 
circle.  The  moment  the  circuit  is  broken  by  separating  the 
wires,  the  current  censes,  hut  is  again  renewed  by  making 
them  touch  either  in  or  out  of  the  water.  If  a  small  quantity 
of  sulphuric  acid  be  added  to  the  water,  the  phenomenon  will 
be  more  apparent.  The  end  nf  the  wire  attnehed  to  the  piece 
of  platinum  or  copper  is  cnlled  the  positive  pole  of  the  battery, 
and  that  of  the  wire  attached  to  the  line  the  negative  pole. 
The  current  of  electricity  here  generated  will  he  extremely 
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feeble;  but  this  can  be  easily  increased  by .  multiplying  the 
glasses  and  the  number  of  the  pieces  of  metal.     If  we  take  six 


Fig.  79. 

such  glasses  instead  of  one,  partially  fill  them  with  dilute  sul- 
phuric acid,  and  put  a  piece  of  zinc  and  copper  into  each,  con- 
necting them  by  means  of  copper  wire  from  glass  to  glass 
through  the  whole  series,  a  stronger  current  of  electricity  will 
be  the  result.  The  experimenter  must  be  careful  not  to  let  the 
wire  and  zinc  touch  each  other  at  the  bottom  of  the  tumblers, 
and  must  also  remember  that  the  copper  of  glass  1  is  connected 
with  the  zinc  of  glass  2,  and  so  on. 

TO  MAKE  A  MAGNET  BT  GALVANISM. 

To  effect  this,  make  a  connection  between  the  poles  of  the 
above  or  any  excited  battery  with  the  two  ends  of  a  wire 
formed  into  a  spiral  coil,  by  bending  common  bonnet-wire 
closely  round  a  cylinder,  or  tube,  of  about  an  inch  in  diameter ; 
into  this  coil  introduce  a  needle,  or  piece  of  steel  wire,  laying 
it  lengthways  down  the  circles  of  the  coil.  In  a  few  minutes 
after  the  electric  fluid  has  passed  through  the  spiral  wire,  and 
consequently  round  the  needle  or  wire,  the  latter  will  be  found 
to  be  strongly  magnetized  and  to  possess  all  the  properties  of  . 
a  magnet. 

EFFECTS    OF   GALVANISM   ON   A   MAGNET. 

If  a  galvanic  current,  or  any  electric  current,  be  made  to 
pass  along  a  wire  under  which  and  in  a  line  with  it  a  compass 
is  placed,  it  will  be  found  that  the  needle  will  no  longer  point 
north  and  south,  but  will  take  a  direction  nearly  across  the 
current,  and  point  almost  east  and  west. 

CHANGE   OF   COLOR   BT   GALVANISM. 

Put  a  teaspoonful  of  sulphate  of  soda  into  a  cup,  and  dissolve 
it  in  hot  water ;  pour  a  little  cabbage  blue  into  the  solution, 
and  put  a  portion  into  two  glasses,  connecting  them  by  a  piece 
of  linen  or  cotton  cloth  previously  moistened  in  the  same  solu- 
tion. On  putting  one  of  the  wires  of  the  galvanic  pole  into 
each  glass,  the  acid  accumulates  in  the  one,  turning  the  blu* 
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d  the  alkali  in  the  oilier,  rendering  it  green.    If 
■he  wires  bo  now  reversed,  ihe  acid  accumulates  eventually  in 

_:    ,.s  «  ji, ■.-..■  I  !ii-  riili.ui  :i  [■]><.' 11  red.  while  I  Liu  alkali   pusses  10 
lie  gla*s  where  the  acid  was. 


g  selected  a  good  and  perfect  seal,  thoroughly  blwt- 
j  surface  with  llie  ordinary  plumbago,  laid  an  and 
polished  with  an  old  ami  soft  1 1 .-.t  1 1 -  t>i n^li .  Into  the  side  of  lbs 
seal,  in  a  portion  of  the  was  seal 
not  covered  with  the  impression, 
melt  in  gently  n  very  thin  copper 
wire,  bo  that  the  surface  of  the 
a  upper  side  of  the  wire  shall  bo 
flush  with  the  seal,  find  black-lead 
lb  is  juncture  cnrefully  ;  then  wind 
the  other  end  of  the  thin  copper 
wire  round  a  piece  of  amalgamated 
line  five  inches  long,  one-eighth 
of  an  inch  thick,  and  three-quar- 
ters of  nil  inch  broad,  as  in  this 
arrangement  the  scnl  lakes  ihe 
place  of  the  copper  element  in  ths 
simple  voltaic  circle. 

In  half  a  pint  of  boiling  water 
dissolve  as  much  powdered  sul- 
phjate  of  copper,  or  Milestone,  as 
Ihe  water  will  take  up  ;  place  this, 
wlien  cold,  in  an  ordinary  tumbler, 
anj,  having  reilcii  &  piece  of  brown 
paper  three  or  four  times  roudd  ■ 
ruler  one  inch  thick,  close  the  side 
and  bottom   with  scnling-wait,  to 

::;•;,:.:  :;;:ssj"s  »■*■  ■  f"««  »•"•  „™  •;■ 

brown  paper  tube  or  cell  over  the 
i,  «i li  w:i]  hiuk-lwdeil,  tumbler  containing  the  solution  of 
in' '.v'iri''  ' "''"  by  ""  sulphate  of  copper,  and  pour  into 
it  a  mixture  of  five  parts  water 
ne  part  oil  of  vitriol  (these  latter  must  be  mlsed  before- 
nnd  !>liould  be  quite  cold)  :  as  the  acid  is  poured  into  th« 
i  paper  cell,  let  it  sink  into  the  sulphate -of- copper  so- 
.  Jiainn,  and  then,  finally,  having  bent  the  wire  that  unites  lh« 
I  aaal  to  the  amalgamated  zinc,  place  the  latter  in  the  brown 
I  papiir  vessel,  and  the  former  into  the  solution  of  copper  in  the 
f  tumbler,  and  in  about  twelve  hours  a  beautiful  impression  of 
ip  wax  spsI  will  Se  ohtained  in  oopper. 
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N.B. — Zinc  is  easily  amalgamated  by  dipping  it  first  into 
some  dilute  sulphuric  acid,  and  then,  having  a  little  mercury 
in  a  plate,  it  may  be  rubbed  on  by  means  of  a  flat  piece  of 
stick  covered  with  flannel. 


EXPERIMENTS  WITH  MAGNETISM. 

1.  We  have  said  that  the  agency  of  the  magnet  can  be  im- 
parted to  steel ;  this  may  be  done  in  a  very  easy  way.  If  you 
pass  a  magnet  (irhich  may  be  either  natural  or  artificial)  over 
a  sewing-needle  several  times  from  the  eye  to  the  point,  the 
needle  will  acquire  the  principle  and  attract  iron  filings  in  the 
same  manner  as  a  natural  magnet  would  do.  But  the  part  of 
the  magnet  which  you  apply  to  the  needle  must  be  the 
north  pole,  and  you  must  not  pass  it  over  the  needle  back- 
wards and  forwards,  but  lift  it  always  from  the  point,  and 
again  begin  from  the  eye.  Suppose  you  wish  to  impart 
the  principle  to  a  small  bar  of  tempered  steel :  tie  the  pieoe 
to  be  magnetized  to  a  poker  with  a  piece  of  silk,  and  hold 
the  part  of  the  poker  to  which  it  is  attached  in  the  left 
hand ;  take  hold  of  the  tongs  a  little  below  the  middle,  with 
the  right  hand,  and  rub  the  steel  bar  with  them,  moving  the 
tongs  from  the  bottom  to  the  top,  and  keeping  them  steadily  in 
a  vertical  position  all  the  time.  About  a  dozen  strokes  on 
each  side  will  impart  quite  sufficient  magnetical  power  to  the 
bar  to  enable  the  operator  to  lift  up  small  pieces  of  iron  and 
steel  with  it.  The  lower  end  of  the  bar  should  be  marked  be- 
fore it  is  fastened  to  the  poker,  so  that  the  poles  may  be 
readily  distinguished  from  each  other 
when  it  is  taken  off, — the  upper  end 
being  the  south  pole,  and  the  lower 
the  north. 

2.  Scatter  some  iron  filings  upon 
a  piece  of  paper,  and  hold  a  magnet 
underneath  it.     The  instant  the  con- 
tact takes  place,  the  filings  will  raise  Fig.  81. 
themselves  upright,  and  fall  down 

as  soon  as  the  magnet  is  withdrawn.  The  effect  is  singular, 
and,  indeed,  very  amusing, — the  diminutive  iron  particles  rising 
and  falling  as  if  by  supernatural  agency. 

MAGNETIC    SWAN. 

Form  a  swan  of  cork,  and  place  within  its  beak  a  little  bit 
of  steel  strongly  magnetized,  then  cover  it  with  a  thin  coating 
of  white  wax,  and,  to  render  the  image  more  complete,  glass 
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represent  the   eyea.     Tin 

provide  it    will:  a  lake  u 

in.      A   baain  of 

may  supply  tins, 

:d  when  your  lakei* 

ady    and    the   swan 

it,  the  neil 

;   ia   <o   make  it 

about.    This  job 

may  easily  nccompliaii 

by    holding    in    your 

hand  a  magnetic  bar, 

on  which  the  north  and 

i  north  polo  of  the  wand  to 

will  immediately  folio' 


• ;  you 


of  the  wand   to  il. 

readily  recede  and 

If  you  wish  to  ml 


and,  ynu  may  do  so  by  pru- 
inohca  in  length  and  half 
well  magneliied.  Put  thii 
i  ends  by  screwing  on  small 
i-ing  some  marka  by  whioli 

the  rod.     With  this  wand  you  may  direct  the  course  of  any 
floating  figure  you  may  choose  to  fashion. 


an  inch  thick,  and  a  sma. 
ivory  tops  differing  in  sha^^,  „ 


Suspend  a  magnet  in  one  of  (be  scales  of  a  very  delicate 
balance,  and  carefully  aojust  il  by  pulling  weights  into  tin 
oilier  scale;  when  thus  counterpoised,  hold  a  piece  of  iron 
under  (he  scale  to  which  ihe  magnet  is  atlached,  and  it  will 
immediately  desceud.  If.  instead  of  (he  magnet,  a  piece  of 
iron  he  atlached  lo  the  acnle,  and  the  magnei  held  under  the 
iron,  i  he  eoale  will  descend  as  before. 


upon  a  table,  and  then  put  among 
them  a  magnetic  rod  or  bar.  Tht 
filings  will  immediately  adhere  to 
the  ends  of  the  bar  or  rod,  but  not 
lo  the  middle  or  centre,  where  the 
power  of  attraction  i«  very  little 
exerted,  if  at  all. 
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TO  SHOW  THE  REPULSION  OF  THE  POLES. 

The  north  poles  of  two  magnets  repel  each  other,  and  the 
same  happens  with  the  south  poles,  for  the  magnetic  attrac- 
tion is  exerted  only  between  the  contrary  poles.  Thus,  if  you 
fix  two  magnetized  needles  in  two  pieces  of  cork,  and  place 
them  in  a  basin  of  water,  and  they  are  in  a  parallel  position 
with  the  same  poles  together,  that  is,  north  to  north  or  south 
to  south,  they  will  mutually  repel  each  other;  but  if  the  con- 
trary poles  point  to  one  another,  then  they  will  be  attracted 
and  draw  close  together. 


TO    SHOW   THE   DIRECTIVE    POWER   OF    THE    MAGNET. 

If  you  balance  a  bar  of  steel  or  an  untouched  needle  hori- 
zontally upon  a  pivot  or  centre,  it  will  remain  stationary ;  but 
magnetize  the  same,  as  already  indicated,  and  place  it  again  on 
its  centre,  and  you  will  see  that  it  turns  round,  and  does  not 
stop  until  its  north  pole  is  in  the  direction  of  the  north  pole  of 
the  earth. 

TO   MAKE    ARTIFICIAL   MAONET8. 

This  may  be  done  by  stroking  a  piece  of  hard  steel  with  a 
natural  or  artificial  magnet.  Take  a  common  sewing-needle, 
and  pass  the  north  pole  of  a  magnet  from  the  eye  to  the  point, 
pressing  it  gently  in  so  doing.  After  reaching  the  end  of  the 
needle,  the  magnet  must  not  be  passed  back  again  towards  the 
eye,  but  must  be  lifted  up  and  applied  again  to  that  end,  the 
friction  being  always  in  the  same  direction.  After  repeating 
this  for  a  few  times,  the  needle  will  become  magnetized,  and 
attract  iron  filings,  &c. 


HOW  TO   MAGNETIZE   A   POKER, 

Hold  it  in  the  left  hand  in  a  position  slightly  inclined  from 
the  perpendicular,  the  lower  end  pointing  to  the  north,  and 
then  strike  it  smartly  several  times  with  a  large  iron  hammer, 
and  it  will  be  found  to  possess  the  powers  of  a  magnet,  al- 
though but  slightly. 


THE   WATCH    MAGNETIZED. 

Borrow  a  watch  from  the  company,  and  inquire  if  it  will  go 
when  laid  on  the  table.  Then  place  it  just  over  the  point  at 
which  a  magnet  is  fixed  underneath  the  top  of  the  table,  and 
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llie  balance-wheel    of  the  witch,  a 


Tire,  s  s,  n  s,  so  (hit  ihtj 
ing  in  contact  in  &  vertical  p u *i - 
If  the  north  pole  of  a  magiut  s 
r  brought  lo  a  moderate  distant) 
n  the  wires,  i  bey  will  recede  fron 
eiich  other  us  in  No.  1. 

The  ends  s  s,  being  made  south  polo 
by  induction  from  the  north  pole  s,  "ill 
repel  each  other,  and  so  will  the  north 
poles  N  M.  This  separation  of  the  wira 
will  increase  (is  the  magnet  approaches 
ihera,  but  there  wilt  be  a  particular  dis- 
tance at  which  the  attractive  farce  of  s 
overcomes  the  repulsive  force  of  the 
poles  s  s,  nod  Gauges  the  wires  to  con- 
verge as  in  No.  2,  the  north  poles  K  » 
still  exhibiting  their  mutual  repulsion. 


jka  beat  method  of  proving  thi 

rf«W>«l  rendered  magnet:  ■ 


to  take  a  magnet,  or  spieM 
.,  »u«  w  place  it  on  a  piece  of  cork 
by  laying  it  in  a  groove  oot  to  re- 
ceive it.  If  the  cork  be  placed  Ii 
the  centre  of  a  basin  of  water,  and 
allowed  to  swim  freely  on  its  sur- 
face, so  that  it  is  not  attracted  by 
the  sides  of  the  basin,  it  will  be 
found  to  turn  its  north  pole  to  the 
north,  and  its  south  pole  .to  the 
south,  the  same  as  the  mariner's 
•wnpass.  If  you  fii  two  magnets  in  two  pieces  of  cork,  and 
!J^e  them  also  in  a  basin  of  water,  and  they  are  in  a  parallel 
Lotion  wltk  the  same  poles  together,  that  is,  north  to  north 
B  south  to  south,  they  will  mutually  repel  each  other;  but 
*  the  contrary  poles  point  to  one  another,  as  north  to  south, 
0„y  will  be  attracted. 
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HOBTH    AND    BOOTH    COLES    OF    THF.MAQNET. 

Each  magnet  has  Us  poles,  north  and  south:  the  north  and 
■oath  poles  of  one  magnet  repel  the  north  and 
iouth  poles  of  another.     If  a  magnet,  as  in  the 
following  figure,  be  dipped  in  some  iron  filings, 
they  will  be  immediately  attracted  to  one  end. 
Supposing  this  to  be  the  north   pole,  each  of 
the  ends  of  the  filings  not  in  contact  with 
magnet   will    become   north  poles,   while 
ends  in  contact  will  by  induction  become  si 
poles.     Botb  will  have  a  tendency  to  repel  each 
other,  and  the  filings  will  stand  on  the  magnet 
aa  in  the  figure.  HB,go, 

THE    MAGNETIC    HSH. 

Fish   are  to  be  purchased  at  the  toy-shops,  by  which  the" 
young  magnftiqut  may  perform  this 
experiment :    they  are  made  hollow, 
and  will  float  on  (he  water.     In  Ihe 
mouth   of  each   should  be  inserted 
a    piece    of    magnetic    wire.      1 
angling-rod  is  like   any   other  rod, 
and  has  a  silken  thread  for  a  line, 
and    an    iron    hook,   also   strongly 
Magnetized.     To'  catch   the   fish,  it 
is   only   necessary  to  put  the   hook    j 
III  contact  with  the  noses  of  the  fish,  rl    K 

and    they    will    be    taken    without 
any  of  the  baits  mentioned  in  the  "  Young  Angler." 


The  form  of  a  horseshoe  is  generally  given  to  magnetized 
bars  when  both  poles  are  wanted  to  act  to- 
gether, which  frequently  happens  in  various 
experiments,  such  as  for  lifting  weights  by 
the  force  of  magnetic  attraction,  and  for  mag- 
netising steel  bars  by  the  proaess  of  double 
touch,  for  which  tbey  are  exceedingly  con- 
venient. The  following  is  a  method  of  making 
a  powerful  magnetic  battery  of  the  horseshoe 
form.  Twelve  bars  or  plates  of  steel  are  to  be 
taken,  and,  having  been  previously  bent  to  the 
required  form, — that  is,  the  horseshoe  shape, — they  are  then 
bound  together  by  means  of  rivets  at  their  ends ;  before  being 
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finally   fastened,   they   are   each  separately   magnetized,  Mi 
afterward  finally  united. 

Horseshoe  magnets  should  Late  a  short  bur  of  soft  iron 
adapted  to  connect  the  two  poles,  and  should  never  be  laid  tij 
without  such  a  piece  of  iron  adhering  to  them.  Bar  niagutls 
should  be  kept  in  pairs,  villi  their  poles  turned  in  contrary 
directions,  and  they  should  be  kept  from  runt.  Both  kinilniit 
magnets  have  their  power  not  only  preserved  but  increased  bj 
keeping  them  Burrounded  with  a  mass  of  dry  filings  of  toll 
iron,  each  pHrticle  of  which  will  reoct  by  its  indueei!  magnet- 
ism upon  the  point,  of  the  magnet  to  which  it  adheres,  auii 
iTi.'ihiiiiiu  in  that  point  :'r  --'-«•"—  magnetic  state. 


d,  filing  the  poker  upright, 
Kith  the  left  hand  near  tin 
i  silk  thread,  a  bar  of  soil 


:   Ihre 


i  lot 


inch   broad, 

thick;  mark  one  *nd,  and 

nd  be  downwards.      Then, 

b-  he  tongs  t  with  the  right 

El lie   below  the  middle,  and 

keeping  them  nearly  in  a  vertical  line, 
let  the  bar  »  be  rubbed  with  the  lower 
end  L  of  (he  tongs,  from  the  marked 
end  of  the  bar  to  its  upper  end,  about 
ten  times  on  each  side  of  it.  By  this 
means  the  bar  a  will  receive  as  much 
magnetism  as  will  enable  it  to  lift  a 
small  key  at  the  marked  end;  and 
end  of  the  bar,  being  suspended 


niddle, 


joint,  will  torn  to  the  north,  and  is 

called  its  north  pole,   the   unmarked 

~ing  the  south  pole.     This  is  the  method  recommended 

Caiton  in  his  process,  which  he  regarded  as  superior 

e  in  former  use,  and  of  which  a  more  detailed  account 

.  found  in  bis  interesting  volume. 


m  be  a  magnet,  and  k  a  key,  held  horizontally  near  one 
aoles,  or  near  its  lower  edge.     Then,  if  another  piece  af 
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iron,  such  as  a  small  nail,  be  applied  to  the  other  end  of  the 
key,  the  nail  will  hang  from  the  key,  and  will  continue  to  do 
so  while  the  magnet  is  slowly 
withdrawn ;  but  when  it  has  been 
removed  beyond  a  certain  dis- 
tance, the  nail  will  drop  from  the 
key,  because  the  magnetism  in- 
duced in  the  key  becomes  at  that 
distance  too  weak  to  support  the 
weight  of  the  nail.  That  this  is 
the  real  cause  of  its  falling  off 
may  be  proved  by  taking  a  still 
lighter  fragment  of  iron,  such  as  a  **&•  **• 

piece  of  very  slender  wire,  and 

applying  it  to  the  key.  The  magnetism  of  the  key  will  still  be 
sufficiently  strong  to  support  the  wire,  though  it  cannot  the 
nail,  and  it  will  continue  to  support  it  even  when  the  magnet 
is  yet  farther  removed ;  at  length,  however,  it  drops  off. 


TO   SUSPEND   A  NEEDLE   IN   THE   AIR  BY  MAGNETISM. 

Place  a  magnet  on  a  stand  to  raise  it  a  little  above  the  table; 
then  bring  a  small  sewing-needle  containing  a  thread  within  a 
little  of  the  magnet,  keeping  hold  of  the  thread  to  prevent 
the  needle  from  attaching  itself  to  the  magnet.  The  needle,  in 
endeavoring  to  fly  to  the  magnet,  and  being  prevented  by  the 
thread,  will  remain  curiously  suspended  in  the  air,  like  Mo- 
hammed's coffin. 


ELECTRO-MAGNETISM. 

The  identity  of  magnetism  with  electricity,  al- 
luded to  in  *  former  paragraph,  has  led  to  the. 
formation  of  a  new  soienoe  under  the  above  name; 
and  to  some  of  the  interesting  experiments  con- 
nected with  it  we  shall  briefly  allude,  for  the 
amusement  of  the  young  reader. 

POWER   Or   THE   ELECTRO-MAGNET. 

The  same  influence  which  affects  the  magnetic 
needle' -already  described  will  also  communicate 
magnetism  to  soft  iron.  If  a  bar  of  that  metal, 
bent  as  in  the  drawing,  be  surrounded  with  a 
common  bonnet- wire,  or  a  copper  wire  prevented 
from  touching  the  iron  by  a  winding  of  cotton  or 
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thread,  and  then  if  a  current,  of  voltaic  electricity  be  n«l 
through  [he  wive,  the  bur  becomes  a  powerful  magnet,  and  will 
continue  »n  ns  long  na  the  connection  with  the  battery  ia  pre- 
served, breaking  the  contact,  the  magnetism  disHpimnrs. 
This  eipi  ent  may  be  easily  made  by  the  young  reader  wilt 
a  horsesl.,.^  magnet  surrounded  by  several  coils  of  wire;  r  ii 
the  positive  and  n  the  negative  pole. 


of  its 
causes  of  the 
balancing  tht 
email  weight  ui   ._ 
of  the   needle,  by 
farther  from  the  ct_ 


The  magnetic  needle  d 
out  the  north  pole  of  the 
:a  the  west  of  the  true  I 


ration  in  northern  legions 
is  of  its  south,  pole.  The 
e  are  yet  unexplained.  In 
ti  account  of  this  dipping,  a 
iitiaa  is  placed  on  one  end 

rill  always  be  balanced. 


it  ejactly  north  and  south, 
es  a  direction  considerably 
*  constantly  changing,  and 


is9   is   an  artificial  magnet  fitted  in 
a  of  three  parts; — 1,  the  boi ;    2,  ti 
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turd  or  fly;  and  8,  the  needle.  The  box  is  suspended  In  a 
square  wooden  case,  by  means  of  two  concentric  brass  circles 
called  gimbals,  so  fixed  by  brazen  axes  lo  (lie  two  boies  that 
the  inner  one,  or  compass  hoi,  retains  a  horizontal  position  in 
all  motions  of  the  ship.  The  card  is  a  circular  piece  of  paper 
which  is  fastened  upon  the  needle  and  moves  with  it.  The 
outer  edge  of  the  card  is  divided  into  thirty-two  points,  as 
shown  in  the  engraving,  called  "points  of  the  compass."  The 
needle  is  a  slender  bar  of  hardened  steel,  having  a  hollow  agate 
cup  in  the  centre,  which  moves  upon  the  point  of  a  pivot  made 
of  brass. 


Pocket  compasses  are  to  bo  bought  for  live  or  six  shillings, 
and  may  be  used  in  many  ways.  In  travelling  over  mountains 
or  a  wide-extended  moor,  they  are  indispensably  necessary  ; 
and  no  one  should  go  a  tour  into  Wales,  Scotland,  or  the  lakes 
without  such  a  companion;  and  it  will  be  a  very  useful  and 
amusing  exercise  for  any  young  person  to  take  the  bearings  of 
his  own  or  some  particular  locality,  and  make  out  what  may  be 
called  a  bearing-card.  This 
he  may  easily  do  in  the  fol- 
lowing manner.  Supposing 
he  wishes,  for  instance,  to 
take  the  bearings  of  his  own 
house:  he  has  nothing  to  do 
but  set  his  pocket  compi 
upon  a  map  of  the  distrii 
a  county  map  will  do  very 
well,  unless  his  house  stands 
onthevergeof  acounty ;  then 
two  county  maps  will  be  ne- 
cessary He  must  make  the 
north  of  the  map  exactly  co- 
incide with  the  north,  as  in- 
dicated by  his  compaBB,  and 
having  fixed  his  map  in  this 
situation,  he  should  tike  a 
ruler  and  piece  of  paper, 
and  dot  down  Ihe  exact,  bear- 
ings of  each  important  town,  or  plnce,  or  village,  around  iim 
Let  him  suppose  himself,  for  instance,  in  the  town  of  Cam 
bridge,  and,  laying  down  his  map  as  indicated  by  tlie  com 
pass,  north  to  north  and  south  to  south,  he  will  find  the  fol 
lowing  places  due  north,— Wilberl  on.  Went  worth  ;  Little  Wil 
braham,  Tevemham.  due  east;  Duifordand  Chesterfield,  south 
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Coton  and  St.  Neots  in  Huntingdonshire,  west.  The  othet 
points  of  the  compass  may  be  filled  up  in  the  same  manner. 
Should,  therefore,  our  young  friend  be  upon  any  elevated  situa- 
tion near  his  own  dwelling,  or  upon  any  other  elevated  spot 
from  which  the  bearings  have  been  taken,  he  will  be  able  to 
inform  his  young  friends  that  such  and  such  a  place  lies  in 
such  a  direction,  that  this  place  lies  due  north,  the  other  north- 
west, a  third  southeast,  the  fourth  southwest,  &c.  &c. ;  and 
the  information  so  obtained  will  be  serviceable  to  himself  in 
many  important  matters. 

INTERESTING    PARTICULARS    CONCERNING    THE    MAGNET. 

Fire-irons  which  have  rested  in  one  position  in  a  room 
during  the  summer  months  are  often  highly  magnetic. 

Iron  bars  standing  erect,  such  as  the  gratings  of  a  prison- 
cell  or  the  iron  railings  before  houses,  are  often  magnetic. 

The  uppermost  of  the  iron  tire  round  a  carriage-wheel 
attracts  the  north  end  of  a  magnet,  and  has  hence  south 
polarity,  while  the  lower  end,  attracting  the  south  end  of  the 
same,  has  north  polarity. 

Magnetism  may  be  made  to  pass  through  a  deal  board ;  to 
exhibit  which,  lay  a  needle  on  the  smooth  part  above,  and  run 
a  magnet  along  the  under  side,  and  the  needle  will  be  found  to 
follow  the  course  of  the  magnet.  A  magnet  dipped  into  boil- 
ing water  loses  part  of  its  magnetism,  which,  however,  returns 
upon  its  cooling. 

A  sudden  blow  given  to  a  magnet  often  destroys  its  magnetic 
power. 

CONCLUSION. 

The  preceding  experiments  in  electricity,  galvanism,  and 
magnetism  we  have  selected  for  the  simple  illustrations  which 
they  offer  of  some  of  the  principles  of  those  branches  of  phi- 
losophy. More  elaborate  experiments  we  have  refrained  from 
inserting,  as  although,  perhaps,  more  astonishing  and  im- 
pressive in  their  effects,  the  costly  apparatus  which  they  re- 
quire raise  them  far  above  the  means  of  most  boys,  for  whose 
instruction  and  amusement  we  cater. 
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Pig.  «.— Bullnoa. 

Fiutu  tan  remotest  ages  of  which  we  have  any  record,  the 
regions  of  .he  air  have  been  a  subject  of  intense  curiosity  to 
man.  For  many  centuries  fanaticism  considered  them  as  the 
abode  of  evil  spirits  and  demons ;  but  when  knowledge  poured 
her  rich  stores  upon  man,  be  began  to  consider  that  air,  like 
water,  was  a  It-jid.  which  he  might  render  subservient  to  his 
purposes,  and  conceived  tbc  idea  of  flying.  The  first  trials  of 
this  mode  of  progression  seem  to  have  been  achieved  by  Gre- 
cian skill ;  and  the  most  celebrated  imitation  of  flying  on  record, 
of  ancient  times,  is  that  of  the  renowned  geometrician  of  Ta- 
reuto,  Arobytas,  who  constructed  a  pigeon  of  wood,  which 
could  fly,  but  which,  however,  if  it  fell  to  the  ground,  could 
not  raise  itself  again.  In  Borne,  in  the  time  of  Nero,  it  is  said 
that  a  man  raised  himself  up  by  means  of  wings,  but  that  he 
lost  his  life  in  the  attempt.  In  Scotland,  in  the  reign  of  James 
IV.  an  Italian  adventurer  made  an  essay  at  flying;  and  the 
latest  endeavor  of  the  kind  recorded  in  history,  and  which  to 
a  certain  extent  was  successful,  was  that  of  the  Marquis  de 
Baequeville,  who  in  1742  rose,  by  the  aid  of  wings  alone,  from 
his  residence  on  the  Qnai  des  Tb£atins,  Paris,  and  directed  his 
■jght  across  <he  Seine,  towards  the  gnrdens  of  the  Tuilerips; 
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~*' •**"•.»' **m  !-  cn  tne  8ame  Pr^nciPle  that 

"■"*■  ][-  ,„    ***me  the  new  subject  of  f 

~*    **    ^lT.i:  vt  j-rv.  an  Augustine  friar,  Fat  he: 

''  "    **'  "*  ■»!««•  ;w  4^«  correct  notion  of  rising  i] 

^..-nr.  ^^/^     7>ie  qUiet  of  the  cloisters  ha< 

-"*'*  *       ^  i.  nti  atany  other  inhabitants  of  t 

"'***  *-»^&irtfc.  *-in  sufficient  leisure  to  exploi 

""**" '*  ~!w4*w*     ^*  *****  written  a  commentary 

•  •*  \  ^  ft-  tootle,  and  was  probably  acqui 
v  ~* '"' ^  *  oi&iaiedes,  wuo  n*d  established  th 
"  '*  *  i  \*r  ^«*in  suspended  in  a  fluid  denser 
**"  Nf,.*»  «»#**  **•  Father  Albert  conceived  t] 
*"**  '*     '^!tlIlUl.rf  than  air,  and  floats  above  th< 

*  *  """^^^  «  portion  of  such  substance  enclose 

'    *"*7^    %w*:*  rise  t0  a  certain   height."     T 
. :**..  *i»a  imitated  by  various  speculators, 
*-*•  **!r^«tN  »i;:l  Stephen  and  Joseph  Montgolfiei 
""    ""Cl*.  ti   luimonay,  near  Lyons,  in  France, 


%««  ***  latter  end  of  the  last  century. 

"~  *"**"!*  %  u>«f*l  education,  the  Montgolfiers  wei 

•*  ~~1  i^t9»iiy  to  acquire  more  knowledge  th 

*  — ••""  ^J£  »a  the  class  of  manufacturers  to  i 

"*^    ***  3*Mffc*»  was  attached  to  chemistry,  Josep 

^^^^i^T  K*k  °f  them  had  directed  their  atten 

l^Mt£li*tftgof  clouds  in  the  atmosphere.     TL 

'      ■    *  i$  was  the  supposition  that  a  factit: 

_  thin  vapor  and  enclosed  in  a  light  bi 

*9«U1  ascend  into  the  higher  regions. 

»«*  made  in  November,  1782,  with  a  ' 

.V      ■M«nfinn     nm        wnistrt      ««onr«»nti»     inn-— 4 
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of  November,  1783,  accompanied  by  the  Marquis  d'Arlandes,  he 
made  the  first  aeronautical  voyage  ever  attempted  by  man. 

The  balloon  used  by  Monsieur  Rosier  was  highly  orna- 
mented, being  composed  of  silk,  decorated  with  gold  and 
spangles  and  scarlet  velvet;  the  car  was  a  gallery  large 
enough  for  the  voyager  to  walk  round,  and  the  centre  of  it  was 
hollow,  containing  an  iron  grate  or  brazier.  The  principle  of 
the  machine  was  that  of  a  fire-balloon,  its  ascensive  power 
being  produced  by  the  rarefaction  of  atmospheric  air,  by  means 
of  a  large  fire  being  kept  burning  in  the  grate  under  the  lower 
part  of  the  balloon,  which  was  open  for  the  purpose  of  receiv- 
ing the  heated  air ;  and,  that  the  fire  and  supply  of  rarefied  air 
might  be  regulated  at  pleasure,  port-holes  were  made  in  the 
gallery  toward  the  grate.  So  long  as  the  aeronaut  wished  to 
remain  in  the  air,  he  was  obliged  to  furnish  this  fire  with  fuel ; 
and  when  he  purposed  descending,  he  suffered  it  to  decline. 
This  species  of  balloon  is  known  by  the  title  of  the  Montgolfiere, 
from  the  original  inventors,  the  Montgolfiers,  and  is  an  exceed- 
ingly dangerous  one,  on  account  of  its  liability  to  take  fire  from 
the  burning  materials  in  the  grate;  and  indeed  the  greatest 
number  of  accidents  which  have  befallen  aeronauts  have  been 
through  its  perilous  construction.  Monsieur  Rosier  himself 
perished,  on  the  15th  of  June,  1785,  through  the  conflagration 
of  the  machine  in  which  he  and  a  fellow-voyager,  Monsieur 
Romain,  were  travelling,  with  the  intention  of  crossing  from 
Boulogne-sur-Mer  to  England.  The  apparatus  was  consumed 
in  the  air,  and  both  the  luckless  gentlemen  were  dashed  to 
pieces  upon  the  rocks  by  the  sea-shore  from  Calais  to  Boulogne. 

At  the  same  time  that  the  Montgolfiers  were  experimenting 
upon  balloons  filled  with  rarefied  air,  Monsieur  Charles,  pro- 
fessor of  philosophy  in  Paris,  was  endeavoring  to  inflate  one 
with  hydrogen  gas,  and,  after  enduring  much  ridicule  for 
attempting  to  invent  another  mode  of  doing  that  which  was 
already  done,  achieved  his  design,  and,  on  the  1st  of  December, 
1783,  accompanied  by  Monsieur  Robert,  he  ascended  from  the 
Champ  de  Mars,  and  landed  in  safety,  after  a  completely  suc- 
cessful voyage. 

To  these  original  discoveries  of  the  science  of  aerostation 
many  adventurers  succeeded  in  different  parts  of  Europe,  and 
the  superiority  of  the  hydrogen  gas  over  the  Montgolfiere,  or 
heated-air  balloon,  was  fully  established ;  for  five  persons  per- 
ished in  the  space  of  a  few  years,  through  the  accidental  com- 
bustion of  their  machines,  but  too  appropriately  termed  /re- 
balloons. 

At  the  present  time  balloons  are  filled  with  carburetted 
hydrogen  gas,  the  common  coal  gas,  which  is  considerably 
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cheaper  than  the  hydrogen,  and  can  be 
readily,  inasmuch  as  the  filling  of  a  balloon, 
periods  cost  the  labor  of  two  or  three  days  at 
expense,    can    now   be  done   in  as  many  hoars.      For   U^ 
discovery  of  the  applicability  of  thia  gas  to  aeronautical  pu*"^ 
poses   we  are  indebted  to  Mr.  Charles  Green,  the  intrepi^^ 
voyager  of  our  own  days,  and  who  has  also  invented  what  h  "^ 
terms  a  guide-rope,  that  is,  a  rope  of  a  thousand  feet  in  ~ 
and  upwards,  which,  when  the  balloon  has  quitted  terra 
and  circumstances  render  its  use  advisable,  is  lowered  tram  the 
oar  bv  means  of  a  windlass.     When  the  specific  gravity  of  the 
machine  is  increased,  and  he  begins  to  descend,  the  tail  of  the 
guide-rope,  trailing  on  the  ground,  acts  like  the  discharge  of  a 
quantity  of  ballast,  and  checks  her  further  descent,  and  she 
continues  progressing  on  the  level  so  produced,  until  she 
attains  a  reascensive  power  and  quits  the  earth  with  all  her 
resources  of  ballast  and  gas  the  same  as  she  had  before  her 
course  was  arrested  by  the  increased  weight.     This  contrivance, 
simple  as  it  is,  is  of  invaluable  benefit  to  the  aeronaut,  who,  by 
augmenting  or  diminishing  the  quantity  of  rope  he  lets  oat, 
proportionately  increases  or  lessens  the  space  between  himself 
and  the  earth,  and  so  does  away  with  the  necessity  of  employ- 
ing ballast  to  such  an  extent  as  heretofore:  indeed,  according 
to  the  old  system  of  discharging  ballast  whenever  the  balloon 
became  ho  heavy  with  moisture  as  to  descend,  and  to  release 
some   portion  of  the  gas  when,  from  the   diminution  of  the 
ballast,  she  rose  too  high,  it  was  impossible  for  an  aeronaut  to 
prolong   his  voyage  beyond  thirty-six  hours:  now,  however, 
he  may  continue  it  for  almost  as  many  days,  should  it  be  re- 
quisite. 

The  honor  of  making  the  first  aerial  expedition  in  England 
has  usually  been  ascribed  to  a  foreigner,  Signor  Vincenzo  Lu- 
nardi ;  but  in  reality  a  Mr.  James  Tytler  claims  the  merit,  he 
having  ascended  in  a  Montgolfiere  from  Comely  Gardens,  Edin- 
burgh, on  the  27th  of  August,  1784,  nineteen  days  before  the 
signor,  who  ascended  from  the  Artillery  Grounds,  Moornelds, 
on  the  15th  of  the  following  September.  Lunardi  repeated  his 
ascents  in  various  parts  of  England  and  Scotland,  and  after- 
ward returned  to  Italy.  Monsieur  Blanchard  visited  England 
after  Lunardi,  and  made  many  ascents,  and  in  company  with 
Dr.  Jefferies,  on  a  clear  frosty  day,  the  7th  of  January,  1785, 
crossed  the  British  Channel  from  Dover,  and  landed  in  safety, 
after  a  dangerous  voyage  of  two  hours  and  a  half,  on  the  con- 
fines of  a  forest  near  Calais.  This  aeronaut  made  thirty- 
six  voyages  through  the  air,  and  gained  a  large  sum  of  money 
by  them.     Monsieur  Garner  in,  another  distinguished  French 
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aeronaut,  who  visited  England,  is  celebrated  for  having  been 
the  first  person  who  successfully  descended  from  a  balloon  in  a 
parachute.  This  machine  consisted  of  thirty-two  gores  of 
white  canvas,  formed  like  an  umbrella,  of  twenty-three  feet  in 
diameter,  at  the  top  of  which  was  a  round  piece  of  wood  of  ten 
inches  in  breadth,  having  a  hole  in  its  centre  to  admit  short 
pieces  of  tape  to  fasten  it  to  the  gores  of  the  canvas ;  about 
four  and  a  half  feet  below  the  top  was  a  hoop  of  eight  feet  in 
diameter,  affixed  by  a  string  from  each  seam,  and  below  the 
hoop  the  car,  made  of  basket-work  covered  with  canvas,  was 
suspended.  The  parachute  is  by  no  means  that  modern  inven- 
tion which  is  generally  supposed ;  for  Father  Loubere,  in  his 
account  of  Siam,  published  nearly  two  hundred  years  since, 
describes  a  machine  of  the  same  kind  as  being  in  use  there  as 
a  means  of  descending  from  great  heights.  In  Europe  it  cer- 
tainly was  not  employed  for  that  purpose  till  the  year  1783, 
when  M.  le  Normand  proved  its  efficacy  by  letting  himself 
down  from  the  windows  of  a  lofty  house  in  the  city  of  Lyons. 
The  aeronaut  Blanch  a rd  was  the  first  who  applied  it  to  the 
balloon,  and  after  trying  several  experiments  by  letting  down 
dogs  and  various  animals  from  different  heights,  during  some 
of  his  excursions,  he  attempted  the  descent  himself  at  Basle, 
in  1793 ;  but  through  some  mismanagement  the  parachute  did 
not  expand  fully,  and  the  traveller,  coming  to  the  ground  too 
rapidly,  had  the  misfortune  to  have  his  leg  broken.  Garne- 
rin's  first  successful  descent  was  on  the  21st  of  October,  1797, 
at  Paris,  and  on  the  21st  of  September,  1802,  he  made  his 
third  trial  with  a  parachute,  the  first  time  such  a  machine  was 
ever  used  in  England.  Various  aeronauts  have  since  endea- 
vored to  diminish  the  inherent  perils  of  parachute  descents  by 
different  inventions,  but  without  success. 

On  the  24th  of  July,  1837,  Mr.  Cocking  made  an  ascent  from 
Vauxhall  Gardens  in  a  parachute  appended  to  Mr.  Green's 
balloon :  this  parachute  was  of  a  shape  exactly  the  reverse  of 
Mr.  Garnerin's,  that  is,  it  was  like  an  umbrella  turned  upside 
down,  and  so  constructed  as  always  to  remain  expanded.  This 
shape  was  adopted  in  order  to  correct  two  great  defects  in  the 
old  fashion,  viz.,  its  oscillatory  motion  when  descending,  and 
the  time  which  frequently  elapsed  ere  the  machine  fully  ex- 
panded to  its  umbrella-like  form ;  but,  so  far  from  remedying 
these  faults,  its  principles  were  perfectly  erroneous,  and  when 
the  unfortunate  aeronaut  detached  himself  from  the  balloon, 
the  strings  of  his  parachute  gave  way,  and  he  was  precipitated 
to  the  earth  and  killed  upon  the  spot. 

The  aerial  voyager  has  sometimes  opportunities  of  observing 
the  grandest  effects  in  the  clouds  which  it  is  possible  for  the 
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human  mind  to  contemplate.     The  rising  and  setting  of  the 
greater  and  lesser  lights  of  the  universe  in  regions  too  remote 
for  him  to  penetrate,  the  forked  lightning  flashing  its  unearthly 
blaze,  and  the  tempestuous  clouds  beneath  his  feet,  rolling  in 
mighty  masses  as  far  as  the  eye  can  reach,  are  seen  by  him  in 
all  their  magnificence ;  whilst  the  thousand  beauties  of  the 
panoramic  view  stretched  below  him  in  all  the  brilliancy  of  a 
noontide  sun,  or  the  quiet  twilight  stealing  gently  over  the  face 
of  the  earth,  receive  additional  charms  from  the  elevation  from 
which  they  are  viewed.     In  1785  Monsieur  Charles  beheld  a 
most  magical  spectacle  during  a  voyage  he  made ;  for,  just  as 
the  sun  had  set,  the  machine  in  which  he  was,  shot  upwards 
with  such  celerity  as  to  rise  nearly  two  miles  in  ten  minutes. 
At  this  height  he  saw  the  sun  again  in  its  full  glory,  and  from 
his  lofty  station  in  the  heavens  he  once  more  contemplated  the 
parting  beams  of  the  fading  luminary,  until  it  sunk  below  the 
horizon.     The  evening  mists,  gradually  rising  from  the  ground, 
collected  into  clouds,  and,  hanging  in  dense  masses,  screened 
the  earth  from  his  sight;  and  when  the  moon  rose  in  silent 
majesty,  and  poured  forth  her  mild  beams,  her  rays  tinged  with 
various  hues  the  ever-changing  forms  of  the  accumulated  vapors 
whioh  floated  beneath  him.     A  voyage  performed  by  Monsieur 
Tester,  in  1786,  is  remarkable  for  the  various  events  which 
attended  it,  and  is  deserving  of  a  slight  notice.     After  having 
risen  to  the  height  of  two  thousand  eight  hundred  feet,  he  de- 
scended at  half-past  five  in  the  afternoon,  and  alighted  in  a 
corn-field  in  Montmorency,  where,  being  employed  in  gathering 
stones  for  ballast,  without  leaving  his  car,  he  was  surrounded 
by  a  great  number  of  peasants.     The  proprietor  of  the  field, 
seeing  his  corn  thus  trampled  upon,  insisted  on  being  paid  for 
the  damage  his  visitor  had  occasioned,  and,  holding  fast  the 
balloon  by  the  stay,  proceeded,  assisted  by  the  peasants,  to 
parade  his  prisoner  through  the  village.     Tester  seized  the 
first  opportunity  to  cut  the  cord,  and,  taking  an  unexpected 
leave  of  the  astonished  peasants,  rose  again  to  the  region  of 
the  clouds.     At  about  seven  o'clock  he  heard  the  blast  of  a 
horn,  and  descried  huntsmen  below  in  full  chase,  to  contem- 
plate which  scene  he  opened  the  valve,  and  descended  between 
Etuan  and  Varville.     He  was  again  collecting  some  ballast, 
when  the  huntsmen  galloped  up  to  him ;  and  for  the  third  time 
he  rose  into  the  air,  passing  through  a  dense  body  of  clouds, 
where  thunder  and  lightning  followed  each  other  without  inter- 
mission.    The  balloon  reached  the  altitude  of  three  thousand 
feet,  and  in  this  region  the  intrepid  aeronaut  sailed  until  half- 
past  nine  o'clock,  when  he  observed  the  final  setting  of  the  sun, 
and  remained  enveloped  in  darkness,  amidst  a  mass  of  thunder- 
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clouds  The  lightning  flashed  on  all  sides,  the  loud  peals  of 
thunder  were  incessant,  and  snow  and  sleet  fell  copiously 
around  him  for  the  space  of  three  hours ;  after  which  period, 
to  his  inexpressible  pleasure,  the  stars  showed  their  pale  fires. 
At  a  quarter  before  four  o'clock  he  made  his  final  descent, 
haying  seen  the  first  gray  dawn  of  morning  and  rising  of  the 
sun. 

The  most  memorable  voyage  ever  attempted  was  that  per- 
formed by  Messrs.  Holland,  Monck  Mason,  and  Charles  Green, 
on  the  7th  of  November,  1836.  The  balloon,  called  the  Royal 
Vauxhall  Balloon,  was  of  stupendous  size,  being  sixty  feet  in 
height  and  fifty  in  breadth ;  and  every  arrangement  was  made 
by  the  travellers  for  a  long  voyage,  in  the  shape  of  oloaks, 
carpet-bags,  lamps,  barometers,  wine-jars,  spirit-flasks,  coffee, 
and  other  necessaries.  At  half-past  one  in  the  afternoon  the 
cords  were  cut,  and  the  mighty  vessel  rose  proudly  into  the 
air,  and  at  five  minutes  past  four  she  neared  the  city  of  Canter- 
bury, when  the  travellers  indited  a  short  letter  to  the  mayor 
of  that  city,  and  despatched  it  by  a  small  parachute,  a  novel 
kind  of  post-conveyance.  At  forty-eight  minutes  after  four, 
the  waves  breaking  on  the  beach  gave  evidence  that  they  were 
near  the  British  Channel ;  and,  as  they  proceeded  on  their 
quiet  way,  the  twilight,  deepening  into  murky  gloom,  hid  the 
English  coast  from  their  view,  save  that,  through  some  scat, 
tered  lights  and  the  brilliant  glare  of  the  lighthouse,  they  were 
certain  that  Dover  was  yet  within  their  ken.  The  evening 
shades  had  fully  set  in  ere  they  gained  a  glimpse  of  the  Calais 
light 8 ;  and,  there  being  no  moon  to  define  objects  by  the  soft 
touches  of  her  silvery  rays,  the  effect  was  one  of  great  gran- 
deur; and  when,  still  later  in  the  night,  when  it  was  perfectly 
dark,  they  passed  over  the  city  of  Lidge,  the  streets  and  houses 
marked  out  by  the  lights  in  them,  and  the  numerous  fires 
blazing  in  the  iron-works  in  the  neighborhood,  formed  a  pic- 
ture of  consummate  beauty.  As  the  hours  rolled  on,  and  mid- 
night passed  silently  by,  the  heavens  assumed  a  depth  of  color 
rivalling  a  positive  black  in  intensity  of  tint,  from  out  of  which 
the  stars  glittered  with  additional  lustre;  earthward  no  object 
was  to  be  seen,  the  weary  artisans  having  long  before  betaken 
themselves  to  their  repose.  Toward  five  o'clock  in  the  morn- 
ing the  dawn  gradually  broke,  and  disclosed  to  the  travellers 
the  mighty  river  Bhine,  which  seemed  to  lose  itself  in  the 
vapors  which  enshrouded  the  valleys  and  rested  upon  the  hills ; 
and  as  the  brightness  of  the  light  increased,  the  stars  by  de- 
grees disappeared,  the  morning  star  being  the  last  to  make  its 
exit.  At  a  quarter-past  six,  when  at  the  height  of  nearly 
twelve  thousand  feet  above  the  earth,  the  first  sight  of  the  sun 

559 


AEROSTATION. 


:.  in  J  the  view  at  that  moment  spread  before  the 
.*         i  j    i        "tion.     A  rapid  de- 

brought  them  into 
us  not  having  illu- 
/wer  region?  of  the  air,  and  again  did  they  rise  and 
•'..•ry  nf  the  ming  luminary.     Three  times  did  they 


\  before  the  grapnel  could  take  a  secure  hold,  the  balloon 

*"V  hurriel  leward  a  wooded  declivity.     To  throw  out  a  saffi- 

**nev  of  M-^*1  t0  carr-v  lhe  Iiiachine  over  l^at  danger  was 

i     iilrrem?^-"  'v-11  llie  Sjlu<l  USCcl  lls  ballast  was  found  to 

L    I'ton  ftwn  •luril1.?  lhe  ni£ht   into  a  solid  mass,  conse- 

sand  were  in- 

ang  up  and 

...  .  „     „     mother  spot 

.le^ent.  the  valve  was  again  opened,  to  allow  a 

.   .:*  the  gas  to  escape.     After  various  baffling 

:-4\i.:;:ng  the  edge  of  the  wood  the  valve  was 

*•  e\ten:.  and,  the  grapnel  taking  hold  almost 

-.    i.e  machine  came  to  the  ground  in  the  val- 

.  ■  leagues  tVoiii   Weilburg,  in  the    Duchy  of 

-.  ;>:  seven  in  the  morning,  after  a  voyage  of 

.     ..:r:i:i*ii.  in  which  time  it   had  passed  over  a 

.  v  y.ch»iii*.  England,  France,  Belgium,  Prussian 

:  :\:ohy  of  Nassau.     The  travellers  were  most. 

.-.  r.ol  at    Weilburg,  and  the  machine  was  re- 

. .  \x'\\\  Nassau  Dalloon. 


WW    AND    It  UK    BALLOONS. 

should  lie  made  of  taffeta  or  lutestring,  and 

•  :i  pear.— the  best  method  of  making  it  "being 
."ips  together,  from  end  to  end:   if  you  take  a 

into  twelve  or  fourteen  slices,  one  of  those 
pattern  you  can  have  for  the  shape  of  the 
on. 

•  :n  out,  each  piece  must   be  prepared  with 
■  -*  •  mav  make  vour^lf.  by  boiling  in  nVery 

M\6 


AEROSTATION.  13\ 

pint  of  linseed  oil  two  ounces  of  sugar  of  lead  and  three  ounces 
of  litharge,  for  about  half  an  hour.  This  composition  is  very 
drying,  and  you  may  then  apply  it  to  the  slips  of  your  balloon : 
after  which,  sew  them  together,  and  fell  the  seams.  That  the 
stitohing  may  not  have  any  interstices  for  the  escape  of  the 
gas,  you  must  place  a  piece  of  brown  paper  beneath  each  seam, 
and  another  piece  above,  and  then  pass  a  heated  poker  or  flat- 
iron  several  times  over  it,  by  which  means  the  oil  will  be 
softened  and  the  seams  rendered  perfectly  air-tight.  When  this 
process  is  completed,  you  must  give  your  balloon  a  coat  of 
Tarnish.  This  may  be  prepared  by  boiling  in  a  copper  or  iron 
gallon  saucepan,  over  a  slow  charcoal  fire,  for  about  half  or 
three-quarters  of  an  hour,  a  pound  of  birdlime  and  half  a  pint 
of  the  drying  oil.  When  the  birdlime  has  ceased  to  crackle, 
pour  in  two  pints  and  a  half  more  of  the  drying  oil,  and  let  the 
mixture  boil  an  hour  longer,  often  stirring  it  with  an  iron  or 
wooden  spoon.  You  must  be  cautious  not  to  let  the  varnish 
boil  over,  which  it  is  very  apt  to  do  when  nearly  ready,  taking 
the  saucepan  from  the  fire  as  the  varnish  swells,  and  replacing 
it  when  its  bubbling  subsides;  and,  for  greater  caution,  it 
will  be  well  to  have  some  wet  cloths  at  hand  to  clap  over  the 
vessel  in  case  the  contents  should  happen  to  boil  over  and  take 
fire.  To  ascertain  whether  your  varnish  is  ready,  rub  some 
between  two  knives ;  if,  on  separating  them,  it  forms  threads, 
remove  the  vessel  from  the  fire,  and,  when  nearly  cool,  add  to 
it  about  as  much  of  oil  of  turpentine  as  the  quantity  of  the 
mixture  within.  The  varnish  must  be  lukewarm  when  applied, 
and  the  balloon  stretched  out,  and  it  will  be  dry  in  twenty 
hours.  It  should  be  the  aim  of  the  aeronaut  to  make  his 
miniature  balloon  as  much  like  a  real  one  as  possible:  he  must 
make  a  net  to  the  shape  of  the  machine,  so  as  to  come  down  to 
about  the  middle  of  it,  and  from  thence  cords  must  depend  for 
the  purpose  of  sustaining  a  light  hoop,  which  should  hang  a 
little  below  the  balloon  itself ;  from  this  hoop  other  strings  must 
proceed  to  support  the  car,  which  may  be  made  of  any  light 
material  and  elegantly  painted. 

■  When  the  balloon  is  finished,  it  may  be  filled  with  gas.  For 
this  intent,  put  into  a  glass  bottle,  or  jar,  a  pound  of  iron 
filings  and  two  quarts  of  water;  to  which  add  gently,  and  by  a 
little  at  a  time,  one  pint  of  sulphuric  acid.  This  done,  stop  the 
bottle  or  jar  with  a  cork;  then  take  a  glass  tube,  introduce 
one  end  of  it  into  the  bottle,  through  the  cork,  and  the  other 
end  into  the  neck  of  the  balloon,  and  the  gas  resulting  from 
the  decomposition  of  the  water  will  pass  through  the  glass  tube 
into  the  balleon.     When  this  is  full,  withdraw  the  tube,  and 
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tie  the  neck  of  the  balloon  very  tight.  If  let  free,  it  will  list 
very  pleasingly. 

In  making  a  fire-balloon,  you  may  use  India,  Bank  post,  of 
t  issue  paper,  and  omit  entirely  the  drying  oil  and  varnish.  IfJ 
alt  or  having  joined  and  pasted  the  seams  with  good  strong 
paste,  you  perceive  any  interstice  or  hole,  paste  over  it  a  little 
piece  of  paper,  and  let  it  dry  in  the  open  air,  or  by  the  fire, 
but  not  too  near  it.  A  wire  must  be  secured  round  the  neck 
of  the  balloon,  either  by  pasting  or  sewing  it,  and  another  put 
horiiontally  across  it,  to  the  middle  of  whioh  a  piece  of  sponge 
dipped  in  spirit  of  wine  is  to  be  attached.  Half  a  gill  of  the 
spirit  is  sufficient  to  make  the  balloon  rise.  After  you  have 
dipped  your  sponge,  set  fire  to  what  spirit  remains  in  the  cup, 
holding  the  neck  of  the  balloon  over  it,  but  not  so  close  as  to 
endanger  its  safety.  When  you  think  it  is  sufficiently  filled 
with  heated  air,  set  fire  to  the  sponge,  and  the  machine  will 
briskly  asoend,  and  keep  afloat  so  long  as  the  spirit  continues 
burning. 

Very  small  balloons  may  be  made  of  goldbeaters'  skin,  by 
using  gum-arabio  to  join  the  seams  and  any  little  fissures  which 
may  be  in  the  material,  filling  them  with  gas  from  a  jar  or 
bottle,  a»  before  described,  and  tying  the  mouths  of  the  little 
machines  with  a  piece  of  cotton,  to  prevent  the  escape  of  the 
gas :  small  cars  may  be  also  attached  to  them,  and  when  they 
are  let  oft'  in  a  room  they  will  rise  to  the  ceiling,  and  remain 
floating  in  the  air  for  some  time. 

At  the  shops  of  philosophical-instrument  makers,  in  bazaars, 
and  at  toy-shops,  a  very  pretty  balloon  made  of  the  maw  of  a 
turkey  can  be  purchased:  when  filled  with  hydrogen  gas,  in 
the  manner  described  for  air-balloons,  it  will  ascend  beauti- 
fully, on  account  of  its  extreme  lightness. 


PARACHUTES, 

Which  are  generally  the  first  things  a  juvenile  aeronaut  per- 
petrates, may  be  made  in  two  ways :  the  first  and  simplest  is 
achieved  by  cutting  a  piece  of  tissue  paper  into  a  circular 
form,  putting  eight  or  twelve  pieces  of  thread  at  regular  dis- 
tances and  of  equal  lengths  to  it,  drawing  them  all  up  evenly 
to  a  centre  and  knotting  them  together,  and  completing  the 
apparatus  by  affixing  a  cork  or  a  wisp  of  paper  to  the  end  of 
the  strings:  the  second  mode  of  parachute-making  is  more 
complex,  and  must  be  done  on  a  principle  similar  to  that  we 
have  described  for  constructing  the  air-balloon,  but  cutting  the 
slips  of  silk  so  as  to  form,  when  united,  the  segment  of  a  circle 
vnly  *  tho  firings  must  of  course  be  added,  and  brought  to  a 
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centre,  and  a  pill-box-shaped  car,  painted  and  embellished  as 
tastefully  as  the  genius  of  the  contriver  will  allow,  suspended 
from  the  aforesaid  centre. 

BALLOON    SIGNALS. 

• 

In  the  days  of  the  Directory  and  of  the  consulate  of  Na- 
poleon, balloons  were  much  used  for  taking  observations. 
Bonaparte  intended  to  take  some  with  him  to  Egypt,  but  the 
vessel  in  which  the  balloons  and  materials  were  stowed  away 
was  captured  by  Nelson's  fleet,  and  the  balloons  were  ex- 
hibited to  the  inhabitants  of  Cairo  for  their  amusement,  and 
were  not  employed  (as  was  intended)  to  the  disadvantage  of 
the  English. 

The  Americans  have  done  little  in  ballooning.  One  was 
constructed  on  quite  a  different'  principle  to  those  of  the  ''Old 
World."  It  had  forty-seven  bags  for  the  gas,  instead  of  one. 
The  American  savants  proceeded  to  try  their  experiment  very 
cautiously,  first  letting  the  balloon  up  alone,  then  a  man  in  it, 
whilst  fastened  with  ropes.  At  last  a  carpenter  named  Wilcox 
was  bribed  to  asoend.  He  did  so,  but  soon  became  frightened, 
and  began  to  cut  the  bags  nearest  to  him.  Wilcox  cut  five,  and, 
in  consequence  of  ripping  them  open  all  on  one  side,  the  bal- 
loon turned  over  and  came  to  the  ground  very  fast,  dislocating 
his  wrist  only,  to  the  great  surprise  of  the  spectators,  who 
fully  expected  that  the  carpenter  was  killed  with  the  concussion. 

The  object  of  Napoleon's  balloon  was  partly  to  examine  the 
surrounding  country,  and  also  to  communicate  to  distant  parts 
by  signals ;  and,  should  war  unhappily  continue,  it  is  quite 
possible  to  suppose  that  balloon-corps  may  be  attached  to  the 
various  European  armies,  although  the  monstrous  range  of  the 
Enfield  and  other  rifles  might  probably  make  personal  ascents 
for  observation  somewhat  perilous. 

One  of  the  most  interesting  applications  proposed  for  bal- 
loons was  made  in  March,  1848,  by  Mr.  J.  Wallace,  of  Leith, 
to  Sir  F.  Baring,  viz. :  to  make  a  survey  of  the  icy  regions  with 
the  help  of  a  captive  balloon,  which  was  to  have  been  sent  to 
the  greatest  possible  height  the  weight  of  the  cord  would  per- 
mit, in  order  that  the  person  seated  in  the  car  might  be  able, 
with  the  help  of  a  telescope,  to  survey  a  larger  range  of  coun* 
try,  with  the  hope  of  discovering  the  missing  expedition  of  the 
unfortunate  Sir  John  Franklin. 

For  many  reasons,  this  scheme  with  the  captive  balloon  (a  la 
ffapoMon)  was  abandoned,  and  one  substituted  for  it,  which 
Mr.  Shepherd  has  the  credit  of  having  first  offered  to  the  Ad- 
miralty.    The  arrangement  consisted  of  a  number  of  printed 
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partem  of  oiled  silk  or  piper,  upon  widen  direetiene  _. 
printed  stating  the  latitude  and  longitude  of  Hi"ji|1nirf 
ships,  where  they  were  going  to,  end  the  looaHtiss  at  whfee* 
provisions  had  been  left.    These  were  attached  at  proper  1**^ 
terrals  to  a  long  slow-mttoh  made  of  rope  dipped  la  nitre;  sJ*^ 
as  the  balloon  travelled  orer  the  country,  .the  match  bum*^\ 
gradually  away,  and  when  theatre  reaehed  the  paeksjU  trneK^, 
were  detached,  and  would,  by  the  action  of  the  winds,  he  ~~ 
persed  erer  a  large  space  of  ground. 

About  the  same  time  Mr.  Darby,  the  very 
nist  of  Lambeth,  turned  his  attention  to  the 
jonstructed  some  very  ingenious  signals,  whieh 

by  a  striae    to 
hollow 
this 

string* 
By  the 

the  "petard  slf» 
nals,"  or  nplonUi 
sheila,  g*Ting>' re- 
port equal  to  aawton- 
po  under  ensmnsi  e5* 
rectly  the*  touched 
the  ground,  and  dis- 
persing hundreds  of 

Httle  notices  m  tin- 
foil, were  coached, 
and  used  with  great 


success  as  a 
of  directing  atten- 
tion, by  sound,  to 
the  little  bills  con- 
taining the  desired 
information  for  the 
missing  party  of  Sir 

m.  oa    iv.  i  .    i     ,       ,  ,     .  J°^n  Franklin,    Mr. 

¥Ig.  96.— Darby's  land  and  water   signal,    a.  tu-u«       «l-~        ««« 

The  shell,  made  of  gutta-percha,  containing  the  "My  J  al8<l  .„  C?.n" 

message.  '  structed  a  "blll-dis- 

b  b  b.  Four  pieces  of  stout  cane,  with  corks  at  tributor,"  attached 
toe  extremities.  ,      ,  .      5    ,,  « 

c.  Top  cane,  with  little  bunting  flag.  t0    n18    hollow   fuse, 

capable  of  deliver- 
ing one  hundred  thousand  bills  or  notices  over  a  great 
space  of  country ;  likewise  a  "land  and  water  signal,"  which 
remained  erect  whether  dropped  on  the  sea  or  terra  firma. 
The  whole  of  the  signals  were  tried  with  great  success,  and 
three  of  the  "land  and  water  signals"  were  picked  up  after 
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being  detached  from  a  balloon  launched  from  Vauxhall.  One 
was  picked  up  at  Harwich,  another  at  Brighton,  and  a  third 
near  Croydon :  the  last  was  discovered  by  a  poor  man,  who, 
fearful  of  something  explosive,  did  not  open  it ;  but,  calling  in 
a  gentleman  who  resided  in  the  neighborhood,  the  shell  was 
cut  open,  and  a  polite  note  discovered  requesting  the  finder  to 
state  where  the  signal  had  fallen,  and  to  address  a  letter  to 
Mr.  Darby,  at  Vauxhall  Gardens. 


Fig.  ST^FlylDS  Machine  (Wwrrficai). 
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ARITHMETIC. 

Tbi  science  of  Arithmetic  is  supposed  to  ba  coeval  witc 
llio  earliest  inventions.  According  lo  Diogenes  Laertius,  the 
ligyptiaua  may  lay  claim  l>i  the  merit  of  being  its  discoverers; 
wt  oilier  authora  ascribe  it  to  the  Phoenicians.  The  Phceni- 
tina  system  was  perfected  by  the  Grecian  asironomors,  and 
•,riiii- mil  led  by  thorn  lo  the  Romans,  who,  however,  invented  a 
fresh  one  instend  ;  hut  both  systems  merely  combined  the  dif- 
ferent divisions  uf  numbers,  nod  went  do  further.  Counters, 
to  assist,  in  reckoning,  are,  without  doubt,  as  old  as  the  science 
of  Arilhnietic  itself,  a?  we  lint)  thai,  the  Egyptians  used  stones 
for  that  purpose,  and  in  calculating  by  their  aid  placed  them 
from  left  to  right.  The  Greeks  likewi-e  employed  atones,  Sat, 
rounded,  and  polished,  and  they  nuni'iinii'-  signified  a  large 
■lumber,  and  sometimes  a  small :  when  counting  up,  the 
Greeks  ranged  their  counters  the  reverse  way  to  that  of  the 
Egyptians,  putting  them  from  right  to  left. 

The  Romans  denominated  their  counters  calculi,  and  when 
luxury  taught  them  to  embellish  even  the  smallest  articles  in 
■se,  they  then  made  the  counters  of  bone  and  ivory,  slightly 
Convex,  and  likewise  of  porcelain  covered  with  green  or  blue 
enamel  and  ornamented  with  elegant  devices.  The  Romans 
also  used  the  uh.nut  as  an  arithmetical  assistant:  this  instru- 
ment consisted  of  a  wooden  frame  divided  into  small  bare,  of 
which  there  were  two  compartments,  each  bar  containing 
beads,  which  could  be  moved  up  and  down.  The  mode  of 
using  it  was  to  consider  eviijr  bead  either  as  a  unit  or  a 
decimal,  adding  being  performed  by  uniting,  and  subtracting 
by  separation,  as  might  be  necessary.  Besides  the  counters, 
and  the  primitive  mode  of  finger-reckoning,  the  Romans  had  a 
plan  of  keeping  accounts  by  three  different  methods,  based 
upon  imaginary  money;  and  these  methods,  styled  the  uraria- 
ui,  and  dmoriariu!,  required  a  particular  abaeui 
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From  the  accounts  remaining  of  the  Roman  method  of 
Arithmetic,  their  rules  were  perplexing  and  incongruous, 
and  the  science  made  but  little  advancement  under  their  man- 
agement. 

Numeral  characters  seem  to  have  preceded  letters,  and  the 
figures  we  call  Roman  characters  are  considered  specimens  of 
the  earliest  attempts  at  a  system  of  notation,  a  surmise  founded 
on  the  simplicity  of  their  forms,  whioh  are,  in  fact,  only  a 
combination  of  straight  strokes  drawn  either  perpendicularly, 
horizontally,  or  transversely ;  and,  indeed,  the  figures  repre- 
senting a  hundred,  and  five  hundred,  C,  D,  which  are  now 
circular,  were  originally  composed  of  three  straight  lines  com- 
bined thus,  [  .  ].  With  these  rude  symbols  the  Grecian  phi- 
losophers performed  their  arithmetical  calculations,  and  esta- 
blished a  system  to  which  Arohimedes  and  other  men  of  most 
transcendent  abilities  contributed.  Two  species  of  numerioal 
characters  seem  to  have  existed  from  the  first :  the  decimal, 
mentioned  by  Pliny,  Quintilian,  &c,  which  took  its  origin 
from  the  plan  of  finger-counting,  consisted  of  the  numbers 
counted  up  to  ten ; — and  the  duodecimal,  or  numbers  reokoned 
to  twelve.  The  former  was  common  with  the  Anglo-Saxons, 
and  the  latter  with  the  Northern  nations,  and  from  this  last 
also  we  derive  our  little  hundred,  great  hundred,  dozens,  and 
grosses. 

Arithmetic  was  studied  as  a  science  by  the  Anglo-Saxons ;  for 
Aldhelm,  Bishop  of  Sherborne,  who  flourished  in  the  seventh 
century,  wrote  a  tract  De  Arithmetica,  and  at  a  later  period, 
Hugh,  the  Lincoln  saint,  lectured  upon  it  at  Oxford.  The 
want  of  numerals  better  adapted  for  complicated  accounts  than 
the  Roman  rendered  summing  a  miserable  task,  and  the  use 
of  counters  indispensable,  until  the  fourteenth  century,  when 
the  characters  known  by  the  name  of  the  Arabio  numerals  were 
introduced  into  Europe.  The  Arabs  were  not  inventors  of  the 
system,  bat  were  indebted  for  it  to  the  natives  of  India,  though 
at  what  period  they  acquired  it  is  extremely  doubtful,  neither 
can  we  determine  whether  the  Indians  themselves  invented  or 
received  it  from  some  other  nation  ;  yet  from  their  own  asser- 
tions it  would  seem  that  the  honor  is  due  to  them ;  for,  accord- 
ing to  Alsephaide,  a  learned  Arabian  doctor,  they  boast  of 
three  different  inventions, — the  composition  of  Pilpay's  fables, 
the  game  of  chess,  and  the  nine  digital  characters.  The  forms 
of  the  ciphers  were  not  fully  settled  till  after  the  year  1531 ; 
and  perhaps  no  characters  were  ever  planned  more  adapted 
for  the  various  uses  to  which  they  are  applied  than  the  Arabic 
numerals,  though  we  doubt  not  that  some  few  of  our  reader* 
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have  frequently  wished  in  their  hearts  that  they  c 


Take  as  many  nines  as  there  are  figures  in  the  smaller  num- 
ber, and  subtract  from  ihem  the  amount  of  tbe  number.  Be- 
quest some  one  to  a<iJ  the  difference  to  the  larger  number,  to 
take  away  the  first  figure  of  tbe  total,  and  add  It  to  the  last 
one,  and  the  sum  then  produced  will  be  the  difference  between 
the  two  numbers. 

For  example: — John,  who   is  22.  tells  George,  who  is  some 

J  ears  older,  that  he  Can  find  out  the  difference  in  (heir  ages: 
e  therefore  dedueta  in  his  mind  22  from  99,  and  the  difference, 
77,  he  tells  George  to  add  to  his  own  age;  to  lake  away  the 
first  figure  from  the  sum  so  obtained,  and  to  add  it  to  the  last 
figure;  'he  last  amount  gained  being  the  difference  between 
their  respective  ages. 

Thus,  the  difference  between  John's  age  and  99  is 77 

To  which  Geurgc  adding  his  age „     So 

produces  a  total  of 112 

From  which  if  we  take  away  the  first  figure  1 ,  and  add 

it  to  the  last  figure  2,  the  product  is 13 

Which  if  added  to  John's  age 22 

exactly  gives  that  of  George 36 


Three  countrywomen  went  to  market  with  eggs :  the  first 
bad  50  to  dispose  of,  the  second  30,  and  the  third  no  more  than 
10.  All  three  sold  out  at  tbe  same  rate,  and  eaob  made  the 
same  quantity  of  money  of  her  eggs.  How  were  they  sold  ! 
Upon  coming  to  market,  they  found  that  eggs  were  selling  at 
%  penny,  at  which  rate  the  first  woman  sold  49,  and 
n-pencc;  the  second  sold  28,  and  of  course  re- 
;  four-pence  :  tmd  the  third  woman  sold  only  a  single 
ili.  so  that  she  had  three  eggs  remaining,  whilst  her 
s  had  bnt  one  and  two  respectively.  In  the  course 
i  day,  the  demand  greatly  increasing,  she  advanced  her 
'>  three-pence  per  egg,  at  which  rate  she  sold  the  re- 
I  of  her  stock,  and  received  ninepenee  for  it. 
.v.  7ii  pan  in  ib-.    fallowing  her   example.  noM  off  theirs  also 
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at  the  same  price,  so  that  they  each  realized  the  sum  of  ten- 
pence. 

1st  woman  for  49  eggs  received 7 

and  for  one  egg 3 

10 

2d  woman  for  28  eggs 4 

and  for  2  eggs 6 

10 

3d  woman  for  7  eggs 1 

and  for  3  eggs 9 

10 

TO   MAKE   ANT   NUMBER    DIVISIBLE   BT  NINE,   BY  ADDING  A 

FIGURE   TO   IT. 

Suppose,  for  example,  that  the  number  named  is  72,857: 
desire  the  person  naming  it  to  place  the  number  7  between  any 
two  figures  of  that  sum,  and  it  will  be  divisible  by  9 ;  for  if 
any  number  is  multiplied  by  nine,  then  the  sum  of  the  figures 
of  the  product  will  either  be  nine,  or  else  the  number  which 
is  divisible  by  it. 

THE  DIGITAL  NUMBERS  ARRANGED  SO  AS  TO  GIVE  THE  SAME 
PRODUCT  WHETHER  COUNTED  HORIZONTALLY,  DIAGONALLY,  OR 
PERPENDICULARLY. 


8 

3 

4 

1 

5 

9 

6 

7 

2 

THE   BASKET   AND   8TONES. 

It  a  hundred  stones  are  placed  in  a  straight  line,  a  yard 
distant  from  each  other,  how  many  yards  must  a  person  walk 
who  undertakes  to  pick  them  up  one  by  one,  and  put  them 
into  a  basket,  placed  also  a  yard  from  the  first  stone  ?  It  is 
elear  that  to  pick  up  the  first  stone  and  put  it  into  the  basket 
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tat  fMH  anal  walk  iwo  yards,  one  in  going  for  Ibe  -■ 
*jtd  the,  mW  tm  reiurniug  wilh  it ;  that  for  the  wcond  a 
»•■«•*  walk  ft»r  yard*;  mill  bo  on,  increasing  bj  iwo, » 
M  th*  hwtdradAV  nlicii  ho  mil 31,  of  necessity,  walk  two  hva- 
dnd  Tarda:  M  thai  iW  sum  lolul  will  be  the  product  of  t«» 
kuubvi  na  two  umliijilird  bj  fifty,  or  10,100  yards,  which 
UMMta  to  mer*  ll™  lin>  miles  Mini  n.  half. 


A  MagN  iqwu*  Is  a  square  figure  formed  of  a  series  of  nu 
Nnll>Mk«MI»  >)  prupoi-rimi,  Bo  arranged  in  parallel  a 
••Ml  Mtfakt  M  thnl  Iho  sums  of  each  row,  whether  taken  p 
MBtliWlkrij,  hwiiuiilnlly,  or  diagounlly,  are  ejmclly  equal. 

IfM  MFTWvl  Ml  inhere  which  make  any  square  number  (for 
tuatura*,  1,  ti  S>  4,  fi,  &«.,  to  2S  inolusivo,  which  compose  the 
•qttor*  maabtr  2A)  boing  arranged  one  after  the  other  * 
•quajr*  inn  of  M  cells,  each  one  in  its  cell,  if  you  alia 
tW»  of  tk*M  ■limbi-rn,  and  put  (hem  in  such  a  manner  thai 
UM  At*  Bumban  which  All  a  perpendicular  rank  of  Delia  being 
addad  lonuwr  shall  make  the  same  number  with  the  fir* 
IttkHIV  Mj  nlher  rank,  wlielher  horizontal  or  vertical,  or 
wnk  tk*  tf*  la.  tacti  of  the  Itto  diagonal  rows,  then  Die  square 
N  fanaadia  a*Jkil  a  miglo  aquare,  in  opposition  to  the  former 
i,  which  la  called  a  natural  square. 


I    NATU1UL    SQUAB*.. 


1 

•J. 

:s 

4 

s 

F 

11 
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17 
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9 

10 
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14 

22 

24 
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23 

6 

19 

2 

15 

11 

1 

Ii 

Any  five  of  the  sums  in  the  magic  square,  taken  in  a  right 
line,  will  make  66.  It  will  be  observed  that  the  five  numbers 
in  the  diagonals  A  D  and  B  C  of  the  magical  square  answer  lo 
the  ranks  E  to  F  and  0  to  II  in  the  natural  square,  and  that  13 
is  the  centre  number  of  both  squares. 

To  form  a  migio  square,  first  transpose  the  two  ranks  in  thf 
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natural  square  to  tne  diagonals  of  the  magic  square ;  then  put 
the  number  1  under  the  central  number  13,  and  the  number  2 
in  the  next  diagonal,  downwards.  The  number  3  should  be 
placed  in  the  same  diagonal  line ;  but,  as  there  is  no  room  in 
the  square,  you  are  to  place  it  in  that  part  it  would  occupy 
were  another  square  placed  under  it.  For  the  same  reason,  the 
number  4,  by  following  the  diagonal  direction,  falling  out  of 
the  square,  it  is  to  be  put  into  the  part  it  would  hold  in  another 
square  ranged  by  the  side  of  this.  You  next  proceed  to  num- 
bers 5  and  6,  still  descending,  but,  as  the  square  in  which  6 
should  be  put  is  already  filled,  you  must  then  go  back  to  the 
diagonal,  and  consequently  place  the  6  in  the  second  place 
under  the  5,  so  that  there  may  remain  an  empty  square  be- 
tween the  two  numbers.  The  same  rule  is  to  be  observed 
whenever  you  find  a  square  already  filled. 

You  proceed  in  this  manner  to  fill  all  the  empty  squares  in 
the  angle,  where  the  15  is  put;  and  as  there  is  no  space  for  the 
16  in  the  same  diagonal,  descending,  you  must  place  it  in  the 
part  it  would  hold  in  another  square,  and  continue  the  same 
plan  till  all  the  squares  are  filled.  This  method  will  serve  for 
all  sorts  of  arithmetical  progressions  composed  of  odd  numbers; 
even  numbers  being  too  complicated  to  afford  any  amusement. 

THE   HORSE-DEALER'S   BARGAIN. 

A  horse-dealer,  wishing  to  dispose  of  a  horse  at  as  high  a 
price  as  he  could,  induced  a  gentleman  who  admired  it  to  be- 
come the  purchaser,  by  offering  to  let  him  have  the  animal 
for  the  value  of  the  twenty-fourth  nail  in  his  shoes,  reckon- 
ing one  farthing  for  the  first  nail,  two  for  the  second,  four  for 
the  third,  and  so  on,  to  the  twenty -fourth.  The  gentleman, 
thinking  it  a  bargain,  gladly  accepted  the  offer ;  the  value  of  the 
horse  was  therefore  necessarily  great.  By  calculation,  the 
twenty-fourth  term  of  the  progression,  1,  2,  4,  8,  &c,  will  be 
found  to  be  8,388,608,  equal  to  the  number  of  farthings  the 
purchaser  gave  for  the  horse:  the  price  consequently  amounted 
to  £8738  2*.  84 

A  PERSON  HATING  AN  EVEN  NUMBER  OF  SHILLINGS  IN  ONE  HAND, 
AND  AN  UNEVEN  NUMBER  IN  THE  OTHER,  TO  TELL  IN  WHICH 
HAND  THE  EVEN  OR  ODD  NUMBER  18. 

Request  the  person  to  multiply  the  number  in  his  right  hand 
by  an  odd  figure,  and  the  number  in  his  left  by  an  even  one, 
and  let  you  know  whether,  when  the  products  are  added  toge- 
ther, they  produce  an  odd  or  even  sum.     If  odd,  then  the  even 
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ther: 

Tbc  number  in  tile  right  hand        In  the  left  hand,  ci 

being  odd  7   Multiply  it  by 

Multiply  it  by  3 

—  Product  83 

Product  21 
Add  the  product  of  the  toft 
hand  30 

ind  tho  total  is  57 

The    number    in    •*"   -:"'''  T"  'he  left  hand,  odd  7 


and  the  total  is 


A  countrywoman  c,htj  )  a  garrison,  where  she  had 

three   guar  da  to  pass.  B<  rst  guard  half  the  number 

she  had,  and  half  an  egg  uivic,  >v  .be  second,  the  hulf  of  what 
remained,  and  half  an  egg  besides;  and  to  the  third  guard 
she  sold  the  half  of  the  remainder,  and  half  another  egg.  When 
she  arrived  at  the  market-place,  she  had  three  dozen  still  to 
sell.  How  was  this  possible  without  breaking  any  of  the  eggsf 
It  would  seem  at  the  first  view  that  this  is  impossible;  for  how 
can  half  an  egg  be  sold  without  breaking  any  of  the  eggs  t 
The  possibility  of  this  seeming  impossibility  will  be  evident 
when  it  is  considered  that  by  taking  the  greater  half  of  an  odd 
number  we  take  the  exact  half -j  1.  When  the  countrywoman 
passed  the  first  guard,  she  had  295  eggs;  by  selling  to  that 
guard  148,  which  is  the  half  +  j,  she  had  147  remaining;  to 
the  second  guard  she  disposed  of  74,  which  is  the  major  half 
of  147;  and,  of  course,  after  selling  37  but  of  78  to  the  last 
guard,  she  had  still  three  dozen  remaining. 


Request  a  person  to  think  of  a  number,  and,  when  he  has 
i  so,  to  triple  it,  and  to  take  the  exact  half  of  the  triple  if 
even,  or  the  greater  half  if  it  be  odd.  Next  desire  him 
■Tile  that  half,  and  ask  him  how  many  times  it  will  contain 
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nine,  for  the  number  thought  of  will  be  the  double  of  the  num- 
ber of  nines,  and  one  more,  if  it  be  odd.  Thus :  suppose  that  5  is 
the  number  thought  of,  its  triple  is  15,  which  cannot  be  divided 
by  two  without  a  remainder.  The  greater  half  of  15  is  8,  and 
if  this  is  multiplied  by  3  we  shall  have  24,  which  contains  two 
nines :  the  number  thought  of  will  therefore  be  twice  the  num- 
ber of  nines,  with  one  added,  as  before  mentioned,  for  an  un- 
even number,  or  4  -{-  1,  that  is,  5. 

ANOTHER  METHOD. 

When  the  person  has  thought  of  a  number,  tell  him  to  double 
it,  then  to  add  four  to  it,  to  multiply  the  whole  by  five,  and  to 
the  product  add  twelve,  and  afterward  multiply  the  total  by 
ten.  From  the  sum  thus  produced,  bid  him  deduct  320,  and 
inform  you  what  is  the  remainder,  which,  if  you  take  away  the 
two  last  figures  from  it,  will  give  you  the  number  he  thought 
of.     Thus  :— 

Suppose  the  number  selected  is 7 

The  double  of  that  is  14 

Which  with  the  addition  of  4  is Id 

And  that  multiplied  by  5  is 90 

To  which  12  added  produces 102 

Which  multiplied  by  10  is 1020 

From  which,  by  deducting  320,  there  remains  700 
And  which,  by  taking  away  the  two  ciphers, 

is  reduced  to  the  number  thought  of 7 

TO   TELL   TWO   OR   MORE    NUMBERS   WHICH  A  PERSON  HAS 

THOUGHT   OF. 

If  either  of  the  numbers  thought  of  do  not  exceed  nine,  they 
maybe  found  as  follows: — Make  the  person  add  1  to  the  double 
of  the  first  number  thought  of,  and  then  request  him  to  multi- 
ply the  whole  by  5,  and  then  add  to  the  product  the  second 
number.  Should  there  be  a  third  number,  make  him  double 
the  first  sum,  and  add  1  to  it ;  request  him  then  to  multiply  the 
whole  by  5,  and  to  add  the  third  number  to  it.  If  there  is  a 
fourth  number,  you,  of  course,  proceed  in  the  same  way,  re- 
questing him  to  double  the  preceding  sum,  to  add  1  to  it,  then 
to  multiply  it  by  6,  and  thereto  add  the  fourth  number,  and  so 
on.  You  must  next  ask  the  number  arising  from  the  addition 
of  the  last  number  thought  of,  and,  if  there  were  two  numbers, 
subtract  5  from  it ;  if  three,  55 ;  and  if  four,  555,  and  so  on ; 
for  the  remainder  will  always  be  composed  of  figures,  of  which 
the  first  on  the  left  hand  is  the  first  number  thought  of,  the 
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•ext  the  second,  and  so  on  of  the  rest.  Suppose,  for  instance, 
the  numbers  thought  of  are  3,  4,  6,  by  adding  I  to  6,  which  is 
the  double  of  the  first  number,  we  have  7,  which  being  multi- 
plied by  5,  gives  35 ;  if  4,  the  second  number  thought  of,  is  then 
added,  we  shall  have  39,  which  doubled  gives  78,  and  if  we  add 
one,  and  multiply  79  by  5,  the  result  will  be  395.  Finally,  if 
we  add  6,  the  third  number  thought  of,  the  sum  total  will  be 
401,  and  if  we  deduct  55  from  it,  we  shall  have  for  the  re- 
mainder 846:  the  figures  of  which,  3,  4,  6,  are  the  three  num- 
bers thought  of  in  their  correct  order. 

A  PERSON    STRIKING  A  FIGURE   OUT   OF  THE    SUM   OF  TWO  GIVEN 
NUMBERS,  TO   TELL   WHAT  THAT  FIGURE   WAS. 

Peremptorily  command  such  numbers  only  as  are  divisible  by 
Q,  as,  for  instance,  36,  63, 117,  126,  162,  &c.  Then  allow  a  per- 
son to  choose  any  two  of  these  numbers ;  and  after  adding  them 
together,  in  his  mind,  to  strike  out  from  the  total  any  one  of 
the  figures  he  pleases.  When  he  has  done  this,  desire  him  to 
tell  you  the  sum  of  the  figures,  and  it  follows  that  the  number  you 
are  obliged  to  add  to  this  amount,  in  order  to  make  it  9  or  18, 
is  the  one  he  struck  out.  For  example,  he  chooses  the  num- 
bers 126  and  252,  whose  aggregate  sum  is  878.  Then,  if  he 
strikes  out  the  7  from  this  amount,  the  remaining  figures,  3  and 
8,  will  make  11,  to  which  must  be  added  7  to  make  18;  but  if 
be  strikes  out  the  3,  the  sum  of  the  remaining  figures,  7  and  8l 
will  be  15,  add  to  which  3,  to  make  18;  and  so  on,  in  like  man- 
ner, for  the  8. 

TO  FIND  THE  LEAST  NUMBER  OF  WEIGHTS  WHICH  WILL  WEIGH 
ANY  INTERMEDIATE  WEIGHT,  FROM  ONE  POUND  TO  FORTY, 
EXCLUSIVE    OF   FRACTIONS. 

This  problem  may  be  solved  through  the  means  of  the  geo- 
metrical progression  1,  3,  9,  27,  &c,  the  peculiar  property  of 
which  is,  that  the  last  number  is  twice  the  sum  of  all  the  rest, 
and  one  more;  so  that,  the  number  of  pounds  being  40,  which 
is  likewise  the  amount  of  1,  3,  9,  27,  these  four  weights  will 
answer  the  purpose.  For  example,  if  it  be  necessary  to  weigh 
eleven  pounds  by  these  weights,  the  three  and  the  nine  pound 
weights  must  be  put  into  the  one  scale,  and  the  one  pound 
weight  into  the  other:  therefore,  any  substance  put  into  this  last 
scale,  with  the  one  pound  weight,  and  it  remains  in  equipoise 
with  the  other  scale,  it  must  consequently  weigh  eleven  pounds. 
Again,  if  a  weight  of  fourteen  pounds  is  required,  the  one,  the 
three,  and  the  nine  pounds  weights  should  be  put  into  one  of 
the  scales,  and  the  twenty-seven  pounds  weight  into  the  other, 
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10 

'-<•> 

M 

7 

5 

96 

4 

68 

3d 

, 

11 

IB 

IS 

84 

85 

« 

16 

12 

M 

71 

29 

28 

77 

76 

75 

24 

88 

22 

80 

70 

62 

68 

87 

85 

34 

68 

69 

62 

58 

44 

44 

46 

68 

59 

60 

51 

42 

48 

64 

St! 

66 

67 

48 

49 

50 

40 

82 

S3 

67 

66 

66 

64 

88 

89 

61 

30 

79 

73 

t, 

20 

28 

7-1 

78 

72 

21 

SI 

89 

88 

14 

IE 

15 

17 

88 

83 

SO 

100 

0 

S 

94 

93 

6 

07 

8 

2 

91 

Eaoh  or  these  ten  columns,  when  added  up,  makes  605. 

I     HUD     HOW     MAHY     I QUASI     YARDS     IT     WOULD     BIQUIRI     TO 
SOT    TO    OCCUPY    10U 

a  24  continually  Into 


24 
the  changes  of  the  twenty-four  letters  will  be  found  to  lie 

62,044,840, 1 76,828,948,936,000. 
Now,  as  there  are  1296  inches  in  a  square  yard,  if  we  multiply 
that  number  by  100,  we  shall  obtain  129,800,  which  is  the 
number  of  letters  each  square  yard  will  contain;  if  we  after- 
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Wards  di  .lie  above  row  of  figures — the  number  of  c 

—by  tlt«  JOO,  the  quotient,  which  will  be  478,741, 05o.7:Jit,- 

092, lbU,  ..,  .-.»  number  of  yards  required  to  contain  the  befors 
BtateJ  Dumber  of  changes.  But,  as  all  the  twenty-four  fetters 
are  contained  in  every  pormiilnrion,  the  space  must  necessarily 
be  twenty.four  times  as  Urge,  vis. 

1 1 ,849,  T86, 210,282,211 ,840. 

As  the  surface  of  the  whole  earth  contains  but  617,197,435,- 
008,01H>  square  yards,  it  would  consequently  require,  to  mike 
a  space  of  sufficient  dimensions  to  oonlaiu  all  the  changes  of 

which  the  alphabe'  '-  -— ♦;ki"  -  surface  18,020  times  larger 

than  that  of  the  gl 


How  can  the  nutr1""-  1  into  four  such  parls  that 

if  you  add  two  to  tl       r  :ract  two  from  the  second 

part,  multiply  the  t  ,  and  divide  the  fourih  part 

by  two,  the  total  of  ■  remainder  of  the  subtrac- 

tion, the  product  of  in,  and  the  quotient  of  tlie 

division,  are  all  eqc  arts  are  as  follows: 

Thsfirst      is     8,  to  >  saddedmakes 10 

The  second  is  12,  froi  ling  subtracted  leaves  10 

The  'Jiird    is     6,  whio»  .»--...B  multiplied  by  2  produces  (0 
The  fourth  is  20,  which,  divided  by  2,  the  quotient  is..  10 

A  man  purchased  ninety-six  apples  at  the  rate  of  threes 
penny,  and  likewise  the  same  number  at  two  a  penny  ;  he  sold 
them  again  at  five  for  two  pence:  did  he  gain  or  lose?  He 
lost,  for  as  the  ninety-six  apples  at  three  a  penny  coat  him  2s. 
Sd.  and  the  ninety-six  at  two  a  penny  4i.,  the  Sum  he  laid  out 
was  6j.  Sd.  for  the  one  hundred  and  ninety-two  apples.  Now, 
after  he  sold  thirty-eight  two- pennyworths,  for  which  he  re- 
ceived Ca.  id.,  he  had  but  two  apples  remaining,  and  therefore 
he  lost  a  fraction  above  3  Jrf. 


Tell  me,   illustrious  Pythagoras,  how  many  pupils  receive 
instruction  from  thy  lips  ?     Kay,  said  the  philosopher,  corn- 
's the  number  thyself;  one-half  of  my  pupils  study  mathe- 
cs,   one-fourth   natural    philosophy,   one-seventh   observe 
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silence,  and  besides  those  I  have  three  female  pupils.  The 
question  is  to  find  out  a  number,  the  one-half,  one-fourth,  and 
one-seventh  of  which,  -f  3,  shall  be  equal  to  that  number. 
The  number  required  is  28. 


THE  COMPANY  OF  FOUR  MERCHANTS. 

Four  partners  engage  to  trade  in  company.  Smith's  stock  is 
£150;  Brown's  stock  is  £320;  Collins's  stock  is  £350,  and 
Jenkins's  stock  is  £500;  with  their  money  they  buy  indigo, 
and  gain  £730.  How  much  belongs  to  each,  if  the  profit  be 
divided  in  proportion  to  their  respective  stocks  ? 

£  £    t.  d. 

Smith's  stock    150  1320  :  150  : :  730  :  82  19  1* 

Brown's     "      320  1320  :  320  : :  730  :  176  19  4 

Collins's    "      360  1320  :  350  : :  730  :  193  11  2 

Jenkins's  "      500  1320  :  500  : :  730  :  276  10  3 


Whole  stock 1320  £730 

Smith 82  19    1 

Brown 176  19    4 

Collins 193  11     2 

Jenkins 276  10    3 


£730 


EOAD-MAKING. 


If  100  men  make  three  miles  of  road  in  twenty-seven  days, 
in  how  many  days  will  150  men  make  five  miles  ? 
Men    150    :     100    : :     27  days. 
Miles      3  5 


450         500 
27 


450)13500(30  days. 


THE   TWO   TRAVELLERS. 


Two  poor  boys,  Tom  and  Ned,  walk  between  London  and 
Wolverhampton :  Tom  leaves  the  latter  at  eight  o'clock  in  the 

*  Fractions  omitted. 

677  «9 


ARITHMETIC. 

wnlks  ai.  the  rate  of  three  miles  an  hour  without 
Ukd  Ned  sets  out  from  London  nt,  four  o'clock  the 
,  Bud  walks  for  Wolverhampton  at  the  rate  of 

Lour  constantly.     Now,  supposing  tbe  distance 

:en  ihe  two  plots*  to  be  130  miles,  and  auppoaing  tbo 
capable  nf  continuing  their  journeys,  whereabouts  on  Hit 
will  they  meet" 

inawor—  09$  miles  from  Wolverhampton. 


>r  peak  of  his  '  U 

round  steadil  i 

of  the  river,  ai  >a 

.B   the  ground:    lub 
.'1;  the  breadth  of  th 


ia  fact  must  place  himself 
and  lower  the  brim  of  his 
ib  edge  just  cuts  the  other 
under  the  chin,  he  most 

ie  edge  of  the  peak  again 
his  distance  will  be  Tory 


Fig.  98.— Showing  thai  the  anglca  1  ■  1  and  o  ■  I  are  eqoal 

How  many  dinners  would  be  necessary  for  a  club  of  seven 
persons  who  hod  agreed  to  dine  with  each  other  M  long  as 
they  could  be  differently  arranged  when  they  sat  down  to 
tablet 

The  number  of  dinners  Is  5040,  and  thirteen  years  and  more 
than  nine  months  would  be  the  space  of  time  in  which  the  club 
would  eat  the  dinners. 

How  much  mahogany  would  be  required  to  produce  sixty- 
four  8-inch  cubes  ? 

The  quantity  is  a  12  inch  cube. 

According  to  Vitruvius,  Hiero's  crown  weighed  20  lbs.,  and 
"rest  1J  lb.  (nearly)  in  water. 

Suppose  it  consisted  of  gold  and  silver  only,  and  that  10.64 
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lbs.  gold  lost  1  lb.  in  water  and  that  10.5  lbs.  of  silver  lose  1  lb. ; 
find  the  actual  quantity  of  gold  in  King  Hiero's  crown,  and 
also  the  weight  of  the  silver  with  which  it  was  adulterated. 

Answer. — 2:= the  lbs.  of  gold  in  crown. 
20 — z=tbe  lb.  of  silver  in  crown. 

Hence  we  immediately  have — 

x  20—  x 

-  =  ljlbs. 


19.34     ~       10.6 
And,  solving  this  equation,  we  have- 
Answer. — 2:  =  14.77  lbs.  of  gold  in  crown, 
and  20  —  z==  5.22  lbs.  of  silver  in  da 
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Absorbsrs  of  heat  not  good  reflectors, 

112. 
Absorption,  115. 

and  conduction,  116. 

of  heat,  108. 
Accidental  colors,  894. 
Acetic  acid,  256. 
Acid,  acetic,  256. 

citric,  255. 

malic,  255. 

muriatic,  144. 

cenanthic,  255. 

pyroligneous,  255. 

tannic,  255. 

tartaric,  256. 
Acids,  254. 
Acryle,  426. 
Adhesion,  12. 
Aerated  water,  170. 
Air,  148, 150. 

always  in  motion,  67. 

analysis  of,  455. 

atmospheric,  446. 

bad  conductor,  119. 

change  of,  cooling,  117. 

composition  of,  27. 

conditions  of,  to  transmit  sound, 
400. 

currents  of,  48. 

density  of,  266,  401. 

draughts  of,  50. 

effects  of  expansion  of,  37. 

effects  of  resistance  of,  16. 

elasticity  of,  448. 

expansion  of,  34,  40,  279,  289. 

expansion  of,  causes  wind,  289. 

gun,  discharge  of,  128. 

heat  of,  119. 

heated,  how,  79,  264. 

Jn  cities,  162. 

in  cities  and  country,  247. 


Air,  inflammable,  172. 

material,  151. 

non-conductor  of  electricity,  24. 

non-conductor  of  lightning,  24. 

of  crowded  rooms,  169. 

pure  in  the  country,  161. 

purified  by  lightning,  28. 

refraction  of,  62, 267. 

rarefied,  189. 

temperature  of,  in  and  out  of 
doors,  50. 

visible,  151. 
Albumen,  232, 233. 
Alchemy,  438. 
I  Alcohol,  220,  221. 
,  Ale,  224. 

j  effervescence  of,  171 

'  Alkalies,  254. 

properties  of,  172. 

test  for,  451. 
Alloys,  209. 
Alum  baskets,  470. 
Amalgam,  209. 
Ammonia,  324. 
Analysis  of  air,  455. 
Anemometer,  294. 
Angle  of  reflection,  357,  369. 
Animal  body,  components  of,  233. 

heat,  238. 
Animals,  cold-blooded  kinds  of,  242. 
Annealing,  213. 
Anthracite  coal,  155. 
Antidotes  for  poisons,  260. 
Aqueous  vapor,  447. 
Argentan,  210. 
Artificial  heat,  9. 

petrifactions,  490. 
Atmosphere,  263, 444. 

pressure  of,  273. 
Atmospheric  air,  446. 

to  make,  456. 
Attraction,  408. 

and  decomposition,  487. 
49*  581 
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Attraction,  capillary,  71, 416, 419. 
Aurora  Borealis,  13,  305, 807. 

B. 

Balloons,  35. 

Barley  malted,  why,  221,  223. 

Barometer,  268,  445. 

Base  of  a  body,  410. 

Beer,  224. 

flat,  why,  225. 
soured  by  lightning,  28. 
vats,  dangerous  to  lean  over,  164. 
Bell-metal,  211,  397. 
Bellows,  uses  of,  190. 
Bile,  246. 

Birds  and  beasts,  coverings  of,  68. 
Bituminous  coal,  155. 
Black  Hole  of  Calcutta,  159. 

lead  radiator  of  heat,  109. 
Bleaching  of  flowers,  450. 
Blistered  steel,  208. 
Block  tin,  206. 
Blood,  245. 

circulation  of,  excited,  126. 
oxygen  gives  vitality  to,  132. 
Blowpipe,  141. 
Blue  appears  green  by  candlelight,  393. 

vitriol,  crystals  of,  472. 
Bodies  spontaneously  phosphorescent, 

Boiling  of  one  liquid  may  freeze  an- 
other, 468. 

point,  86,  93. 

water,  heat  of,  78. 

water  expands,  89. 
Bombastes  Paracelsus,  death  of,  439. 
Books  discolored  by  age  or  damp,  424. 
Brandt,  discovery  by,  176. 
Brass,  210. 
Bread,  226. 

hard  when  stale,  100. 

indigestible  when  new,  226. 

mouldy,  429. 
Breathing,  act  of,  explained,  243. 
Breeze,  produced,  how,  290. 
Bricks  bad  conductors  of  heat,  76. 

turn  green  when  damp,  429. 
Britannia  metal,  211. 
Bronze,  210. 

Broth,  cooled,  how,  80, 118. 
Brown  stout,  224. 
Bubbling  of  boiling  water,  89. 
Budd,  Dr.,  on  cause  of  scurvy,  237. 
Burning-glass,  experiment  with,  116. 
Butter  hard  in  cold  weather,  why,  258. 

C. 

Calms,  region  of,  286. 
Caloric,  9,  10. 

distribution,of,  10. 
Calves'-font  jelly,  237. 


Candle,  burning  of  a,  197. 

flame  of,  198. 
Candles  require  snuffing,  why,  202. 
Cannon-ball,  hole  made  by,  128. 
Cannon,  boring  of,  127. 
Caoutchouc,  153,  260. 
Capillary  attraction,  71, 198, 415. 

vessels,  238. 
Carbonr152. 

and  hydrogen,  482. 
Carbonic  acid,  157,  221. 

in  spring-water,  168. 
presence  of,  tested,  158. 
whence  derived,  423. 
Carbonic  acid  gas,  190,  481. 

heavier  than  air,  164. 
sources  of,  165. 
Carburetted  hydrogen,  172. 
Carriage-wheels  sometimes  catch  fire, 

126. 
Caseine,  236. 
Casks  charred,  156. 
Cast  iron,  208. 

Cavendish,  Henry,  investigated  hydro- 
gen gas,  140. 
Cellars,  temperature  of,  267. 
Cellulin,  233. 
Centre  of  gravity,  409. 
Chameleon  experiment,  453. 
Champagne,  222. 

bottle,  cork  of,  flies  oft.  171. 
Change  of  state,  82. 
Charcoal,  154,  430. 

fire,  dangers  attending,  164. 
in  sugar,  442. 
Chemical  action,  heat  produced  by,  31. 

source  of  heat,  33. 
Chemistry,  meaning  of  the  word,  437. 

organic,  217. 
Chimney,  draught  of,  54. 

how  to  prevent  smoky,  55. 
Chimney-pot,  use  of,  59. 
Chimneys,  smoky,  causes  of,  53,  57,  58. 
Chloride  of  lime,  properties  of,  422. 
Chlorine,  479. 

gas,  antidote  for,  261. 
Choke-damp,  163, 169. 
Church,  hottest  place  in,  51. 
Churning,  effects  produced  by,  259. 
Chyle,  246.  Jt 

Cinders,  combustion  of,  185. 
Cirro-cumulus  clouds,  312. 
Cirro-stratus  clouds,  312. 
Cirrus  clouds,  309. 
Citric  acid,  255. 

Clothing,    dark-colored,    suitable    for 
winter,  115, 120. 
flannel,  241. 

kind  suitable  for  laborers,  101. 
light-colored,  suitable  for  smn- 

mer,  115, 120. 
use  of,  in  winter,  68. 
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Cloud,  discharge  of  electric,  14. 
Clouds,  297. 

affect  wind,  283. 

colors  of,  300. 

electricity  of;  13, 17. 

evening  and  morning,  red,  383, 
384. 

height  of,  14, 298. 

modification  of,  309. 

motion  of,  302. 

shape  of,  299. 

uses  of,  302. 

velocity  of;  294. 
Coal,  166. 

gas,  173,  478. 

mines,  explosion  of;  174. 
Coffee  cleared  by  egg,  how,  429. 
Cohesion  and  adhesion,  413. 
Coin  melted  in  a  nutshell,  489. 
Coins  of  United  States,  209. 
Cold  defined,  36. 

increased,  how,  347. 
Collapse  of  bubbles  of  water,  88. 
Color,  391. 
Colors,  artificial,  fade  easily,  393. 

warmth  of,  120. 
Combining  and  mixing  illustrated,  27. 
Combustion,  179,  239,  240,  463. 

and  ignition,  difference  between, 
181. 

assisted,  how,  125. 

elements  necessary  to,  180. 

intensity  ofj  unequal,  183. 

of  steel  spring  in  oxygen,  453. 

oxygen  supports,  132. 

spontaneous,  194. 
Common  salt,  473. 

Components  of  the  animal  body,  233. 
Compression,  128. 

effects  produced  by,  123. 
Condensation  or  compression,  128. 
Conduction  and  absorption,  115. 

of  heat,  61. 
Conductors  of  electricity,  11. 

of  heat,  61. 

of  lightning,  20,  21,  23. 

use  of,  23. 
Constant  winds,  283. 
Continents,  temperature  of,  116. 
Contraction,  effects  of  sudden,of  metals, 

46. 
Convection,  76,  264. 
Convective  currents,  79. 
Copper  and  iron  sonorous,  397. 

origin  of  its  name,  205. 

properties  of,  205. 

tarnish  of,  136. 
Cornea  of  the  eye,  370. 
Corrosive  sublimate,  antidote  for,  261. 
Cowl  prevents  smoky  chimney,  56. 

use  of.  41. 
Cream  fl*wt«  on  milk,  420. 


Creasote,  255. 

Crowd  dangerous  during  a  thunder* 

storm,  21. 
Crystal,  definition  of;  153. 
Crystallization,  469. 

metallic,  471. 

on  insects,  Ac,  472. 
Crystals,  groups  of;  471. 

of  snow,  463,  466. 
Cultivation  of  land,  98. 
Cumulus  clouds,  309. 
Curd  of  milk,  256. 
Currents,  convective,  79. 

in  boiling  water,  77. 

of  air,  48. 
Curtains,  uses  of  wet,  97. 

D. 

Danger  from  lightning,  18. 
Dangerous    places    during   thunder* 

storm,  19,  20. 
Davy,  Sir  Humphry,  discoveries  by, 

74, 178. 
Deceptions  of  vision,  374. 
Dee,  Dr.,  and  Queen  Elisabeth,  441. 
Deserts  dazzle  from  sunshine,  390. 
Dew,  315. 

fall  of,  explained,  318,  820. 

most  copious,  when,  321. 
Diamond,  152. 
Diffusion,  150. 
Discharge  of  electric  cloud,  14. 

of  lightning-cloud,  19. 
Distance  renders  objects  invisible,  366. 
Doors  and  windows,  uses  of  double,  70. 
Dough,  effect  of  yeast  on,  226. 
Draughts,  effervescing,  170. 

of  air,  50. 
Drop  of  water  rolls  on  hot  iron,  104. 
Drowsiness  in  church,  161. 
Drummond  light,  142. 
Ductility,  204. 

Dust  rarely  flies  by  night,  317. 
Dutch  gold,  210. 

E. 

Earth  bad  conductor  of  heat,  71. 

radiates  heat,  111. 
Earthenware,  212, 216. 
Ebullition,  87, 103. 
Echoes,  406,  408. 
Effects  of  lightning,  25. 
Effervescence,  169. 
Effervescing  draughts,  170. 
Eggs,  boiled,  discolor  silver  spoon,  229. 

difference    between   fresh   and 
stale,  G9,  430. 
Elasticity  of  air,  445. 

of  gas,  34. 
Electric  clond.  discharge  of;  14. 
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a. 

Galvanic  batteries,  207. 
Galvanized  iron,  207. 
Gas,  130, 263. 

carbonic  acid,  157, 190 

coal,  173. 

elasticity  of,  34. 
Gases  and  liquids,  difference  between, 
33. 

and  liquids,  expansion  of,  34. 

in  water,  145. 

ligbt  and  heavy,  455. 
Gelatine,  236. 
German  silver,  137,  210. 
Germany,  present  temperature  of,  99. 
Ginger-pop,  170. 
Glass,  212. 

a  reflector  of  light,  362. 

effects  of  unequal  expansion  of, 
44. 

sonorous,  397. 
Glasses,  double  concave,  371. 

double  convex,  373. 
Glauber  salts,  crystals  of,  473. 
Glazing  china,  215. 
Globular  lightning,  15. 
Gloves,  120, 121. 

Glow-worms,  Ac.  glisten  by  night,  355. 
Glue,  237. 

Glue,  Ac.  adhesive,  100. 
Gluten,  223. 
Gold,  atmosphere  does  not  affect,  138. 

coins  of  the  United  States,  com- 
ponent parts  of,  209. 

kinds  of,  210. 

properties  of,  205. 
Grape-juice,  222. 

sugar,  219,  220. 
Graphite,  152. 
Gravitation,  409. 
Gravity,  centre  of,  409. 

specific,  419. 
Grease  prevents  rust,  134. 

properties  of,  257. 

use  of,  on  wheels,  126. 
Greek  fire,  454. 
Ground-ice,  343. 
Guano,  423. 
Gunpowder,  expansive  force  of,  431. 

explosion  of,  166. 

of  what  composed,  490. 
Guns  and  cannon,  210. 
Gutta-percha,  260. 

H. 

Hail,  330. 

Halo  around  the  moon,  307. 

Hard  water,  143. 

Hare,  Dr.,  invention  of,  142. 

Hartshorn,  229. 

an  alkali,  172. 


Hartshorn  extracts  stains,  255. 
Hawks  see  at  great  distances,  374. 
Haystacks  catch  fire,  why,  195. 
Haze  around  the  sun,  307. 
Heat,  9,  485. 

absorption  of,  108. 

animal,  238. 

artificial,  9. 

best  reflectors  of,  112. 

bright  metal  conductor  of,  74. 

chemical  action  a  source  of,  33. 

conduction  of,  61. 

conductors  of,  61. 

convection  of,  76. 

diffused  through  houses  by  hot 

air,  42. 
distribution  of,  10. 
earth  a  bad  conductor  of.  71 
effect  of,  upon  water,  104. 
effects  of,  33. 
electricity  source  of,  10. 
evaporation  decreases,  102. 
evolution  of,  462. 
evolved  by  combustion,  179. 
by  compression,  128. 
by  pouring  water  on  lime, 
86. 
friction  develops  latent,  126. 
latent,  84, 123. 

excited  by  friction,  126. 
of  ice,  127. 

of  shot  or  cannon-balls, 
129. 
metal  conductor  and  reflector  of, 

113. 
of  air,  119. 
of  electric  fluid,  17. 
of  sun,  properties  of,  9. 
or  Caloric,  457, 458. 
paint  blisters  from,  102. 
primary  source  of,  9. 
produced  by  chemical  action,  82. 
by  condensation  of  water, 

467. 
by  exercise,  243. 
by  solidification  of  a  liquid, 
466. 
phosphorescence  by,  503. 
radiation  of,  107, 114. 
rays  of,  113. 

reflected  by  light  colors,  115. 
sensation  of,  9. 
sun  primary  source  of,  9. 
what  objects  radiate  it  most 
freely,  318. 
Heated  air  ascends,  60. 
Hoar  frost,  339. 

imitation  of,  467. 
Hock  wine,  222. 
Hunger,  250. 
Hurricanes,  293. 
Hydrogen,  140. 


Hydrogen,  Mrljiircm-i.  173 

to  procure,  478. 
iiydrorooior,  321. 
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Liquids  and  solids,  difference  between, 
82. 

bad  conductors,  76. 

boiling-point  of;  273. 

cooled,  how,  78. 

expand  by  heat,  33. 

expansion  ofj  33,  460. 

heated  by  convection,  76. 

imperfect  conductors  of  heat,  66. 
Litharge,  207. 
Loadstone,  205. 
London  fog,  cause  of,  337. 
Looking-glasses,  211. 
Lucifer  matches,  ignition  of,  102. 
Lungs,  function  o£  239. 

M. 

Magnetic  effects  of  lightning,  29. 
Malic  acid,  255. 
Malleability,  204. 
Malt,  223. 

Marking-ink,  137, 428. 
Marsh  gas,  172. 
Matches,  ignition  of,  176. 
Meat,  best  method  of  boiling  tough. 
234. 

putrefaction  of,  230. 

salted,  235. 

taint  of,  removed,  231. 

taints    readily    on    moonlight 
nights,  111. 
Mechanical  action,  heat  produced  by, 

Mercury,  properties  of,  43,  206. 
Metal,  bright,  conductor  of  heat,  74. 

Britannia,  211. 

conductor  and  reflector  of  heat, 
113. 

fused  by  lightning,  28. 

fusible,  465. 

good  conductor  of  heat,  65. 

type,  211. 
Metallic  crystallization,  471. 
Metals  and  alloys,  204. 

effects  of  expansion  of,  45. 

expansion  of,  43. 

expansion  and   contraction  of, 
414. 

properties  of,  204. 
Meteorology,  263. 
Milk  boils  sooner  than  water,  82. 

component  parts  of,  256. 

soured  by  lightning,  26. 

sours,  why,  225. 
Mineral  springs,  144. 

water,  effervescence  of,  170. 
Mines,  coal,  explosion  of,  174. 

gas  detected  in,  159. 

ventilation  of,  52. 
Mirrors,  213. 
Mirrors,  light  reflected  by,  356. 


Miscellaneous  experiments,  485. 
Mist,  332. 

and  fog  vanish  at  sunrise,  815. 
Mixing  and  combining,  difference  be» 

tween,  27. 
Modification  of  clouds,  309. 
Moisture,  effects  of,  43, 326. 827. 

extinguishes  flame,  40. 
Monochromatic  light,  452. 
Monsoons,  287. 

Moon  appears  a  flat  surface,  366. 
Moonlight,  effects  of,  111. 
Mortar  adhesive,  167. 

uses  of,  414. 
Mother-of-pearl,  properties  of,  386. 
Mountains,  height  ofj  ascertained,  27L 
Muriatic  acid,  144. 
Musical  sounds,  404. 
Myriamoscope,  508. 

N. 

Near-sightedness,  causes  of,  370. 
Negative  electricity,  14, 17. 
Negroes,  nature  of  their  skins,  121. 
Nimbus  clouds,  313. 
Nitric  acid,  27,  29. 
Nitrogen,  148. 

component  of  the  air,  444. 

to  prepare,  456. 
Non-conductors  of  electricity,  10. 

of  lightning,  22. 
Non-metallic  elements,  130. 

O. 

Oenanthic  acid,  255. 
011,156. 

bad  conductor  of  heat,  74. 

salad,  259. 
Oils,  257. 
Oleine,  258. 
Olive  oil,  259. 
Optical  experiments,  495. 
Organic  chemistry,  217. 
Oxalic  acid,  428. 

antidote  for,  261. 
Oxide  of  potassium,  259. 

of  silver  removed,  137. 
Oxides,  130, 133. 
Oxy-chloride  of  lead,  472. 
Oxygen  and  oxides,  130. 

discover^  of,  131. 

fire  supplied  with,  how,  59. 

uses  of,  181, 132. 

gas,  modes  of  preparing,  448, 449 
Ozone,  13. 

P.  • 

Paint  blisters  from  heat,  102. 
preserves  wood,  75. 
prevents  rust,  184. 
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Panary  fermentation,  226. 
Paper,  combustion  of;  184. 

extinguisher  not  burnt,  201. 
PartrolsusTuiscovery  made  by,  140. 
Pascal,  experiment  made  by,  269. 
Pasce,  to  prevent  its  turning  soar, 

Percussion.  123, 468. 

Periodic  winds,  2S7. 

Pvivxide  of  iron,  136. 

Pvrp*uud.  motion,  semblance  of,  490. 

P*r*p«rtive,  367. 

Ptrspiration,  cause  of,  242. 

nwaning  of  "insensible,"  833. 
Petrifactions,  cause  of,  145. 
Pvwter,  211. 
Philosopher's  stone,  438. 
Phosphate  of  lime.  176. 
Phosphorescence,  164. 

by  heat,  603.  mM 

from  vegetable  substances,  606. 

of  the  sea,  606. 
Phosphorescent  living  animals,  604. 
Phosphoric  acid,  177. 
Phosphorus  and  phosphuretted  hydro- 
gen, 176. 

burned  in  oxygen,  451, 462. 

properties  of,  176. 
Phosphuretted  hydrogen,  components 

of**77-  *  *v  «. 

Plants,  oxygen  necessary  to  the  growth 

of,  132. 
Plate  glass,  213. 

warmers,  113. 
Platinum,  property  of,  and  uses,  138. 
Plumbago,  135. 
Plumber,  origin  of  word,  207. 
Poker  laid  across  a  fire,  effects  of,  60. 

mode  of  carrying  a  red-hot,  60. 
Polar  regions,  dress  of  inhabitants  of, 

70. 
Poles,   transmission   of  sound   near, 

399. 
Porcelain,  212, 214. 
Pvw  of  wood,  39. 
Portor,***.        , 
JrWtivo  electricity,  14, 17. 
iiuin,  139. 
uXidoof,259. 

Joy,  I*.,  discovery  by,  131. 
,        oxpermients  of,  443. 
Line*  Ruperts  drops,  487. 
kUjM»  properties  of,  879. 
Etv4  >puit.  231. 

K  ^id,  antidote  far,  260. 
*****  "  fc  178. 
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Queensware,  origin  of  the  name,  214 
Quicklime,  167. 

effect  of,  on  carbonic  add,  166. 
Quicksilver  in  thermometers,  188. 

properties  of,  48. 

R. 

Radiation,  107, 201. 

of  heat,  114. 
Bain,  323. 

cause  of,  816. 

cooling  effects  of,  97. 

drops,  824. 

effects  of,  on  carbonic  add,  166, 

fall  of,  324,  326. 

follows  lightning,  16. 

water,  146. 

properties  of,  323, 825. 
Rainbow,  cause  of,  880. 
Rarefaction  of  air,  52,  267. 
Rarefied  air,  189. 
Rays  of  heat,  113. 
Ray  of  light,  division  of,  378. 
Rays  of  light,  heat  of,  196. 

of  light,  refrangibility  of,  SOL 
Reflection,  112,  388. 

line  of,  357. 

of  light,  609. 
Refraction,  376, 377. 

of  light,  509. 

of  rays  of  light,  804,  880. 
Reflectors,  113. 

of  heat,  112. 
Rennet,  properties  of,  256. 
Resinous  electricity,  14. 
Retina,  369. 
Returning  stroke,  16. 
Rivers,  ice  in,  343. 
Running  water,  148. 

rough  when  frozen,  345. 
Rust,  133. 

means  of  preventing,  134. 
Rutherford,  discovery  by,  149. 

S. 

Safety-lamp,  174. 
Salad  oil,  259. 

Sal-teratus  makes  cakes  light,  167. 
Salt  crackles  when  thrown  on  the  firs, 
106. 

dissolves  ice,  347. 

preserves  meat,  why,  231. 
Salted  meat,  235. 
Saltpetre,  use  of,  430. 
Salts,  254. 
Sand-pillars,  296. 
Scheele,  discovery  by,  131. 
Scoresby,  Captain,  saw  his  father's  ship, 
385. 
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Scurvy,  237. 

Sea  breezes,  290,  292. 

luminous,  177. 

water  brackish,  147. 

rarely  frozen,  846. 
Shear  steel,  209. 
Sheet  lightning,  16. 
Sheet-tin,  206. 

8hoe8  hotter  when  dusty,  116. 
Shot,  207. 

and  cannon-balls,  latent  heat  of, 
129. 
Showers,  cooiingeffects of, 97. 
Silver  coins  of  United  States,  compo- 
nent parts  of,  209. 

oxidized,  137. 

properties  of,  206. 

tarnish  of;  427. 

tree,  474. 
Simmering,  87. 
Skin,  inflammation  of,  282. 
Sleep,  252. 
Sleet,  cause  of,  828. 
Smoke,  53, 183. 

ascends,  why,  41. 

descent  of;  69. 

of  a  candle,  202. 

preserves  meat,  427. 
Smoky  chimneys,  41. 

how  to  prevent,  66. 
Snow,  cause  of,  328. 

non-conducting  power  of,  78. 

use  of,  328. 
Soap,  257,  259. 

bubbles,  colors  of,  883. 
float  in  the  air,  36. 
Soda-water,  effervescence  of,  170. 
Sodium,  139. 

Soil,  color  of,  changed,  186. 
Solder,  212. 
Solid  and  liquid,  difference  between,  82. 

liquid,  and  gaseous  substances, 

Soot,  smell  of.  in  summer-time,  69. 
Sound,  intensity  of,  402. 

obstructed  by  fog,  Ac,  899. 

transmission  of,  894. 
Sounds,  musical,  404. 
Sparks  of  fire,  89. 
Specific  gravity,  419. 
Spelter,  207. 
Spirit,  proof,  221. 
Sponge,  wet,  cleans  a  slate,  127. 
Spontaneous  combustion,  194. 
Spring-water,  temperature  of,  78. 
Springs,  mineral,  144. 
Starch,  uses  of,  425. 
Stars  invisible  in  daytime,  366. 

twinkling  of,  387. 

visible  from  bottom  of  a  well,  366. 
State,  change  of,  82. 
8team,  84. 
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Steam,  condensation  of,  9L 

effects  of,  11. 

effects  of  escape  of,  90. 

elasticity  of,  84. 

heat  of,  81. 
Stearine,  268. 
Steel,  kinds  of,  208. 

rust  of,  186. 
Stethoscope,  402. 
Stoneware,  216. 

Stopper  of  bottle  sticks,  why,  47. 
Stove,  rooms  warmed  by,  67. 
Stratus  clouds,  311. 
Straw,  bad  conductor  of  heat,  74. 
Sucker,  philosophy  of,  explained,  276. 

maple,  218. 
Sulphate  of  lime,  144. 

of  baryta,  or  heavy  white,  460. 
Sulphur  burned  in  oxygen,  460. 

extinguishes  fire,  193. 
Sulphuretted  hydrogen,  427. 
Sulphuric  add  and  water,  mixture  of, 

86. 
Summer  lightning,  16. 
Sun,  9. 

apparent  magnitude  of,  at  rising, 

primary  source  of  heat,  9. 

red  in  a  fog,  384. 
Sunset,  red,  cause  of,  308. 
Sympathetic  inks,  491. 
Synthesis  of  hydrogen  and  oxygen,  47T 

T. 

Tallow,  166. 
Tannic  acid,  266. 
Tanning,  266. 
Tartaric  add,  266. 
Tasting,  263. 

Tea,  green,  unwholesome,  262. 
Teapots,  best  kinds  of,  109. 
Telescopes,  uses  of,  867. 
Temperature  affected  by  evaporation* 
99. 

average,  10. 

of  air  in  and  out  of  doors,  60. 

of  ice,  106. 

of  islands  and  continents,  116. 

of  the  body  reduced,  96. 
Test  for  alkalies,  461. 

papers,  451. 
Thaumatrope,  875,  619. 
Thermometer,  276. 
Thunder,  29. 

distance  of.  computed,  80. 

its  sound  affected,  81. 

velocity  of,  32. 
Thunderbolts,  81. 

Thunder-storm,  crowd  dangerous  do* 
ring,  21. 


YM  tabic,  290. 
Wine,  222. 

etiilm,  how  moored,  424. 
Wire  gnam  Imporrloat  to  flame,  174. 
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Wood,  combustion  of,  184. 

of  dry  and  green,  187. 

decay  of,  167, 232. 

made  flexible,  425. 

paint  preserves,  75. 

rots,  why,  429. 

snapping  of,  explained,  30. 

warped  by  heat,  426. 
Wood,  Mr.,  introduced  platinum,  139. 
Wooden  handles  of  cooking-vessels,  use 

of,  65. 
Woolens  and  furs,  articles  of  clothing,67. 


Wort,  224. 

Writing  in  the  dark,  480. 

Wrought  iron,  208. 


Y. 


Yeast,  224. 


Zinc,  properties  of,  207* 
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